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Frontispiece: Map of Africa showing the countries included in the study of 
agricultural mechanization in Equatorial Africa. (Detailed 
maps for each country are shown in Figures 1.3, 1.4, 1.5, and 
1.6 in Part Two, Chapter 1.) 


KEY POINTS 


Part One contains a summary of the findings of this study along with the 
Recommendations and Guidelines, The following Key Points have been extracted 
from the body of the report, Part Two, to present the authors' primary thoughts 
and observations as concisely as possible. Because the Key Points are taken 
out of context and tend to be somewhat fragmentary, most readers will want to 
refer to Part Two for a more complete discussion. To facilitate locating a 
particular Key Point, one will find them here by chapter and in the same order 
as in Part Two. 

The reader should keep in mind that throughout this report the term 
mechanization includes hand tools, animal implements and engine power. 


CHAPTER I 
INTRODUCTION 


- The significance of effective demand for agricultural produce in relation 
to programs of mechanizotion which increase agricultural productivity must 
not be cverlooked. 


- Where costs of clearing new land are rising rapidly the potential returns 
to using improved inputs in land already under cultivation must be weighed 
against potential returns to cleared new land. 


- From selected cases of agricultural mechanization in Equatorial Africa, 
some generalizations of experience are possible to other areas with similar 
conditions. However, a much more reliable basis for planning the intro- 
duction of improved mechanized technology is to be found in the initial 
development of local adaptive research programs and pilot projects in the 
areas under consideration. 


- The alternative to bush fallow is scientific management of all agricultural 
factors of production, beginning with scientific selection of soils. 


- There is an urgent need for economic data which can form the basis for agri- 
cultural development planning. This necessitates the establishment of 
working procedures for record-keeping and the conscientious effort of all 
involved in these procedures. 


- Comparative studies necessitate some standardization in record-keeping 
procedures between different countries. 


- The small farmer (4-6 hectares) constitutes an extremely large proportion 
of African agriculture which must not be overlooked. 


- At present, most comparisons between the relative merits of different 
levels of mechanization tend to be unhelpful because overhead costs and 
capital charges are not dealt with on comparable bases in estimating costs 
of different operations. 


- Comparisons of operational costs are only helpful if related to returns 
to the same operation. 


- There is generally a significant difference between the cost of hiring 
labor and the cost to a family farm of labor from the farmer and his 


family. Imputed labor values vary within countries in different areas and 
between countries. These are differences which are important in making 
comparative studies. 


CHAPTER II 
GENERAL DESCRIPTION OF PRESENT FARMING SYSTEMS 
IN SELECTED EQUATORIAL AFRICAN COUNTRIES 


Ecological factors of climate and soils can act as principal limiting fac- 
tors for increasing crop production, 


The cost of any mechanization program must be met out of the resultant 
increase in production. 


Encouragement to livestock - .oduction can help to foster the introduction of 
animal power into an arca „ut in areas where the human population is very 
dense, cattle and humans are in competition for land. 


Evidence of land mobility can prove important in consolidating land for 
improved cultivation practices. Land fragmentation seriously limits 
possibilities for mechanization. 


In areas where there hrs developed a social system in which animal and crop 
husbandry ae the prircipal occupations of different groups of people; these 
separate moces of living create special difficulties for the introduction 
of animal-po sered technology. 


Hand-powered “arming systems have developed an economic balance in which 
the people hav2 confidence of the system's capacity to provide at least 
sufficient for survival. 


In agricultural systems which have already developed the market concepts 
of cash exchange and the production of surpluses for sale have already 
evolved many essential economic elements which will provide a basis for 
further development. 


Local economies which appear to be in a state of transition offer a fruit- 
ful area in which to establish extension services to disseminate infor- 
mation on new techniques and to distribute and demonstrate new tools, 
fertilizers and seed varieties. 


Local sentiment which tends to discourage employment of cne type of animal 
should encourage endeavors to utilize other animals as agricultural power. 


The pragmatic approach to development attempts to sulve problems which the 
local farmer identifies as relevant; to use unsophisticated techniques to 
demonstrate new cultivation principles; and to give instruction in terms 
and methods appreciated by local people. 


For the small farmer oxen offer certain important advantages over tractors, 
such as low running costs; casy management; multipurpose Function, providing 
work and finally meat; minimal cash payments, The country is involved in 
minimal foreign exchange payments, 


The tractor comes into its own only if its operations can be spread over a 
fairly large area and be used for a major portion of the year. ‘tractor 
fixed costs are high in contrast with low oxen fixed costs. 


There is a reservoir of skills and individual enterprise lying in the pri- 
vate sector of a country's economy which should not be overlooked. 
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Commercially-based enterprise is obliged to retain a basic economic effi- 
ciency in the use of agricultural machinery in order to continue as a 

going concern. Government departments and commercial enterprises can work 
in cooperation in planning the introduction of more advanced forms of mech- 
anization into selected areas. 


Pilot projects and experimental work are essential to settlement schemes 
and also to all development projects involving technology which is new to 
an area. 


Adequate extension assistance should be provided with new development 
programs. 


Changing from hand- to animal-, and animal- to engine-powered systems in- 
volves the farmer in a shift in cost structure from low to high production 
costs. This shift must be met by a comparable shift in income. 


Division of final responsibilities in the administration of tractor-hire 
services, or any other development program, can be expected to result in 
a faulty operation. 


The operation of large machinery services must be based on sound avcuuiiiig 
and close attention to management. 


Subsidized services should be linited to areas which are economical to be 
developed from the point of view of the national economy. 


Small areas of crops cannot be cultivated efficiently by tractors. 
Mechanization is never to be regarded as an end in itself. 


Lack of adequate infrastructure can stifle economic expansion but, before 
nev infrastructure is introduced into an area, the economic prosperity of 
the area should be assured. 


CHAPTER III 
ENGINEERING AND TECHNICAL ANALYSIS OF 
AGRICULTURAL PRODUCTION OPERATIONS 


In traditional farming, past improvement has come mainly from the farmer's 
increased manual skill in using traditional tools rather than from develop- 
ing improved tools; future improvement will come primarily from the intro- 
duction or invention of more efficient tools and power systems. 


The use of improved seeds, fertilizers, irrigation and plant protection 
measures wiil not have the desired effect on production yields unless land 
is adequately prepared and cultivated in conjunction vith improved culti- 
vation practices. 


Ineffective hand tools waste energy, increase man-hours and are often re- 
sponsible for low levels of production and negative attitudes detrimental 
to the development of a viable azriculture. 


With the introduction of specialized crops, deveiopment of export markets 
and utilization of animal and engine power, the differences in tools become 
more significant. 


In areas with distinct wet and dry periods, tillage time is very limite; 

the amount of land a family can farm depends on how much they can till by 

the optimum planting dates. Tiseliness in completing the basic land prep- 
aration before planting is often very critical. 
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Farmers who have used multi-purpose toolbars like them. Farmers would like 
to purchase multi-purpose toolbars if credit were available, and 1f im- 
plements were able to increase production efficiency enough to warrant the 
extra cost, 


Simple wood-bar flexible harrows or rigid-frame triangular harrows could be 
made locally in developing countries; they would be a welcome addition for 
secondary tillage on most animal-powered farms in Equatorial Africa which 
now have few tools of this type. 


Hand broadcasting is the most common method used by hand- and animal-powered 
farmers for sowing small grains in Equatorial Africa. 


The introduction of cash crops and improved practices, supported by market- 
ing agencies and extension services, is gradually persuading hand-farmers 
to adopt row-planting. 


Furrows and ridges formed by hand-hoes and animal-drawn ridging plows facil- 
itate row-farming practices. 


Seed is the only input of value that hand farmers and most animal-powered 
farmers purchase. Timing of planting alvays is regarded as critical for 
maximum yields. Good seed selection and proper cleaning is important, not 
only to secure good germination and growth characteristics, but to reduce 
weed competition and subsequent weeding costs. 


On non-irrigated upland soils timing of planting depends primarily on the 
rainfall pattern which is often unpredictable. 


Covering hand broadcast seed without help of additional animal- or engine- 
powered tools or harrows can be costly, especially if extra labor must be 
hired by the hand- or animal-powered farmer. 


For animal-powered farmers seed covering is usually a separate operation 
in the form of a plowing. The haphazard location of plants greatly hinders 
subsequent weeding operations by hand or animal power. 


In Tanzania the hand farmer can till, plant and care for only 1.2 hectares 
of cash crops plus another 1.2 hectares of food crops. 


In Ethiopia it takes an average of 23.3 hours to cover hand-broadcast seed 
with the plow and an additional 4 hours to sow it for a total of 27.3 man- 
hours and 46.6 ox-hours to seed one hectare. 


In Nigeria one-third of all new mixed-farmers (using animal power for the 
first time) failed after acquiring cattle and plows primarily due to the 
inability of the individual farmer to change his role from head of the 
family farm to 'manager' of the mixed farm. 


When soil conditions are favorable and the seedbed is properly prepared, 
labor-saving high capacity tools and implements can be used for inter- 
plant cultivation and weeding to expand the farmers' capacity to control 
plant environment on larger cropping areas. 


Weeding is considered the major constraint limiting cropping area that can 
he effectively cultivated by the small farmer. 


Both hand- and animal-powered farmers tend to let the weeds get too large 
before attempting to control them. 


High yield increases often can be obtained by slightly intensified weeding 
which more than pays the added cost of hired weeding. 
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Until sufficient demand can be built up to warrant local manufacture, select- 
ed tools and implements should be imported and demonstrated to acquaint agri- 
cultural services and farmers with their capabilities. 


Flexible and semi-rigid tines are more expensive and draft-saving only at 
fairly high speeds and have no advantage with slow animal power over rigid 
tines fixed to a solid frame. 


By using a long (4.5 meter) hitch rope or chain, lateral movements of ani- 
mal-drawn implements can be easily made to allow hoeing between plants in 
the row, which reduces hand labor to a minimum, 


The common African method of driving an ox team with two men, using whip and 
voice control, could be improved by using the European or Indian system 
using ncse rings and lines controlled by one man. 


Weeding is the animal-powered farmers’ most severe limitation, He must do 
a better job of seedbed preparation and preplanting weed control by using a 
more effective system of primary tillage. The indigenous plow should be 
improved or replaced. 


In Ethiopian fields prepared for planting by the indigenous plow, an average 
of over 220 weed plants were found per square meter. 


The ox-plow farmer must plant in rows properly spaced and aligned so that 
he can use more productive, time-saving, less expensive and more effective 
means of weed cc *rol. 


While chemical herbicides can control most weeds they are much too expeusive 
now for the emerging fanner in Equatorial Africa in his present stage oi 
development. 


Using a one-row animal hoe, a farmer can control weeds in one sixth the 
time required for hand weeding. 


Commercial firms are generally unwilling to sell, service and distribute 
improved tools unless there is sufficient demand from farmers and support 
from government advisory services. 


Even simple machines like hand-powered groundnut decorticators and threshers 
require special skills for adjustment. 


In Equatorial Africa, animal power is used for only one harvesting opera- 
tion: lifting groundnuts. 


In eastern Africa, cattle hooves, but not implements, are used almost oz: 
clusively by animal-powered farmers to thresh small grains. 


There is a great shortage of animal-powered equipment available for harvest- 
ing and threshing crops in Equatorial Africa today. 


The best ox-drawn groundnut lifters reduce the hand labor requirement by 
half. 


Farmers complain that the new higher-yleld varieties of wheat take from 40 
to 60 percent longer to thresh than the native varieties. 


As new, higher-yielding varieties are introduced, more agricultural inputs 
are employed to intensify production, and cropping areas are expanded, the 
greater is the comparative advantage of mechanical power and machine-assisted 
methods. 


ix 


Potentially, one of the most important jobs for animals already possessed 
by farmers is hauling by carts and wagons. The cart has not been promoted 
successfully in Equatorial Africa. 


Where suitable wheeled carts are not yet obtainable, but adequate methods 
of yoking and harnessing of animals are available, much more use could be 
made of sleds as an inexpensive and practical substitute for wheeled trans- 
port. 


The proper lubrication of sleeve or anti-friction bearings is a critical 
problem in developing and maintaining animal-drawn carts. Since the average 
small farmer is unfamiliar with such problems he needs advice and training. 


The ownership of a simple farm cart involves considerable expense for the 
small farmer. 


There is a place for engine-powered agriculture in developing nations just 
as there is an obvious need for improved hand- and animal-powered farming 
systems. 


At the present stage of development, education level, dealer organization, 
accrued experience and expertise with machinery, estimates for length of 
service life of a tractor or implements must be greatly reduced, and the 
cost of repairs and maintenance increased for use in Equatorial Africa. 


No matter how simple or rugged a machine or tool may be, periodic attention 
is required for service and maintenance. 


Engine-powered cultivations can provide very good weed control when timely 
and well managed. The cultivator shovels cannot be worked close enough to 
the plants for effective weeding unless the rows are carefully marked with 
a furrow-marking device and seeds precisely planted by hand. 


In using motorized cultivators the quality of vork depends largely on the 
operator's desire to produce good results. 


In using small tractors or rotary cultivators, good judgment and common 
sense are required to adapt the machine to special conditions and to 
obtain the best performance, 


The costs of operation will be substantially higher for a hire service ca- 
tering to scattered farmers under typical African rural conditions of small 
fields, with irregular shapes and hidden obstacles, remote locations, re- 
stricted access, limited seasonal use and poor road conditions. 


CHAPTER IV 
ANALYSES OF PRESENT FARMING SYSTEMS 


The accelerated development of agriculture in Equatorial Africa cannot ig- 

nore the needs and the problems of the small farmer, He needs more power, 

improved tools and the benefits of technology along with support from local 
and national infrastructure. A market economy permits specialization, pro- 
vides stimulus through profitable reward for the disposal of increased pro- 
duction. 


The size of family imposes definite limits on the area of land that can be 
cultivated by hand in any one year, and in determining the size of holdings 
per family, 


If preparation time is limited or soil condition is very difficult, large 


x 


amounts of hand labor must be available to quickly prepare land for planting. 
This labor peak determines how much land a farmer can handle though there 
may be surplus labor the rest of the year, 


Hand winnowing in the wind often takes more time and nresents more diffi- 
culties than the actual threshing. 


Improved storage facilities are needed by nearly all farmers so they will 
not be forced to sell at harvest time and enable them to raise more for 
commercial sales. 


Far from diminishing, animal-draft is likely to remain a major source of 
power for the emerging Africa farmer for the remainder of tnis century. 


Wherever used, increased power must be applied through improved implements 
in the hands of more efficient farmers before benefiting agricultural pro- 
ductivity. 


Whatever the scale or level of agriculture, the farmer is a tool user, 


While engine-powered machinery may be employed successfully in some areas 
of each country, wherever applicable, improved types of animal-powered farm 
implements are needed to facilitate better farming practices such as con- 
trolled placement of fertilizer, row-planting and rapid, effective weeding. 


In Ethiopia, farmers on the average use their oxen about 30 percent of the 
working days and to 70 percent of capacity during peak work periods. 


Farmers in developing countries are interested in changing their present 
farming methods. In the area of south central Ethiopia where Chilalo Agri- 
cultural Development Unit of the Swedish International Development Agency 
is located, nearly all traditional subsistence farmers believe they could 
increase the output from their farms with better plows, etter seeds, fer- 
tilizers, and more frequent weeding. 


In Ghana it is estimated that to justify owning oxen for farm power, a 
farmer should have 4-6 hectares of crop land, 70 days of tillage work and 
120 days of cart work per year for each pair of oxen, 


In planning mixed farms in Nigeria and equipping them with ox power, the 
agricultural officials have established a minimum farm size of 8 contiguous 
hectares. 


In Tanzania the major effect of changing from hand cultivation to ox cul- 
tivation was to transfer the labor peak from primary cultivation to weeding. 


Improved plows and more power for effective tillage and weed control should 
be matched with greater emphasis on soil and water conservation measures. 


In areas with hard dry soils which must be softened by rains, the major 
limitation is primary tillage for the hand farmer and weeding for the 
animal farmer. 


In animal-powered farming areas such as Ethiopia, there is a need for some 
type of spring-tooth or spike-tooth harrow for leveling land prior to 
planting, for covering seed to a uniform depth and for reducing the work 
of covering seed. 


To overcome the difficulties and slowness of winnowing in the wind, a sim- 


ple hand or foot operated winnowing fan or fanning mill is needed to quick- 
ly and efficiently remove weed seeds and foreign material. 
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For planting row crops a simple inexpensive animal-drawn seed planter is 
needed to sow a variety of seeds at desired rates with reasonable precision. 


In most developing countries the demand for animal carts greatly exceeds 
the supply of used wheel and axle assemblies; special wheels, axle and 
bearings with spare parts will have to be imported to meet the rising demand. 


The wise selection, rational use, full utilization, proper care and main- 
tenance of suitable machinery will make any good farmer a better farmer. 


The coordinated implement and power system can add to the system by doing 
a better job, by doing it more timely, by enlarging the scope of operation, 
by making ít possible to carry out some improved practice, by preventing 
loss or destruction, by improving management, by combining operations, and 
by controlling factors that limit production. 


One of the major factors influencing high cost is the underutilization of 
expensive machines and power units through idleness or nou-productive oper- 
ations. 


In developing countries, more emphasis must be put on multiple-cropping and 
on diversification of operational tasks to fully utilize productive machin- 
ery. 


Increased field eíficiency can be obtained by recognizing the importance of 
the tractor operator and hís need for training, recognition, and experience. 


The use of more than one driver for each machine tends to absolve respon- 
sibility for the machine. 


In the operation of government tractor-hire services, the problems of organ- 
ization and logistics in smallholder areas makes economic operation extremely 
difficult. 


Experience has shown that it would be difficult to achieve 70 percent field 
efficiency while working small holdings. 


In the operation of a tractor-hire service in undeveloped areas, the con- 
struction of farm access roads should receive top priority and be a pre- 
requisite to opening new schemes. 


The government should encourage private and cooperative contractors whether 
they are subsidized or not, by using their services whenever possible and 
by refraining from competition during formative years. 


Many of the problems in operating a central machinery pool have roots in 
established government procedures: difficulty of flexibly altering rules to 
meet seasonal or long term needs; lack of mobility resulting from housing 
policies and payment of travel allowances; need to protect public funds by 
complex store and accounting procedures and the difficulty of paying incen- 
tive bonuses for increased productivity, 


Where mechanization is introduced, justification and evaluation should be 
based on factors other than yield, @.g., timeliness of operation, weed 
control, control of erosion, suitability of machines, ease of harvest, 
freeing the farmer for other productive work, and need not be the same for 
each crop. 


Small utility tractors are not inexpensive but conditions have improved in 
the last decade so that much greater value can be obtained. 
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Whether the basis of comparison is price per usable horsepower or capital 
required per hectare, the small agricultural tractor is usually more ex- 
pensive than the larger tractor when it is adequately sold and serviced 
‘by a dealer. 


While small single-axle rotary hoes or cultivators are functionally prac- 
tical, they cannot be recommended for general adoption and use without 
operator training and good supporting services. 


Improvement in mechanization takes .he form of either changing an existing 
system, or introducing a new system; but whichever approach is adopted, the 
form of mechanization must be appropriate to the agricultural environment. 


A more sophisticated form of power need not be associated with a more ad- 
vanced level of economic development; the optimum level of economic develop- 
ment is achieved by maximizing returns from a given set of resources. 


Economic systems in which cash exchange and the concepts of commercializa- 
tion already exist contain important features which will greatly facilitate 
further development. 


An area of social and economic transition contains certain elements, es- 
pecially with respect to flexible personal attitudes which facilitate eco- 
nomic development. 


Cultivable land can be limited in areas of village settlement by practical 
walking distances, even though there appears to be an abundance or land. 


Credit facilities are an obvious need throughout Equatorial Afiica; however, 
their establishment can lead to chronic indebtedness unless suitabie repay- 
ment facilities are also included in the program. 


The competence of a local extension service is extremely important to any 
development area with a generally low level of education. 


Economic infrastructure must be expanded to accommodate development programs; 
without adequate infrastructure, improved mechanization or any other scheme 
will be stifled. 


Local experimentation is extremely important in the development of new 
techniques suitable for a particular locality, 


Large-scale engine-powered operations provide a training facility for indi- 
genous enterpreneurs. 


Large-scale engine-powered operations can provide a- substantial cash boost 
to local small-scale economies by employing much hand labor; in this way 
the monetary economy can be expanded. 


Large-scale enterprises have command over sufficient resources to play an 
important role in the earl; stages of developing a new area. 


Mechanization can expand production substantially beyond the effective de- 
mand of local markets; exporting onto the world market is not easy for new 
producers of a commodity because of well-established standards of quality 
and trade procedures. 


The scope for mechanization in areas of mixed-crop (inter-crop) practices 


appears limited to improving hand tools; generally more sophisticated 
mechanization requires single crop cultivation. 
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wade eg Tee mwen ve outLiCtenciy Iiexible, through amalgamation and 
consolidation of fragments, to facilitate the use of improved animal- 
and/or engine-povercd technology. 


Total annual costs of production for small farmers using oxen power are 
maintained at a low level, relative to tractor power; however, these rela- 
tively low costs are generally accompanied by lower productivity. 


In areas where antipathy exists between different groups of villagers, 
commercial enterprises cannot assume that local hand labor can be hired 
easily since different village groups may not be willing to work together. 


Extension service demonstrations on model farms fail to be useful in areas 
where local farmers are antipathetic toward their more successful neigh- 
bors. 


A shift from less to more sophisticated levels of mechanization is accom- 
panied by a concomitant employment shift from simple to more complex skills. 


The introduction of Improved tools and agricultural machinery should always 
be planned in the context of an overall plan for economic development. The 
precedence of family loyalties should be taken into account in such plans 
Since personal attitudes strongly influence the way in which individuals 
cooperate with planners. 


CHAPTER V 
INTRODUCTION OF IMPROVED TECHNOLOGY AND POWER 
INTO PRESENT FARMING SYSTEMS 


Agricultural productivity can be increased most rapidly by concentrating on 
a limited region and a selected number of people. Farmers most likely to 
adopt a decisive package of inputs leading to increased returns are those 
who have had some successful expezience and have more than the average 
amount of resources to risk on new innovations, 


In developing countries agriculture in its entirety, from the farmer to the 
Minister of Agriculture, is confronted with the need to develop an attitude 
of experimentation, continued innovation, and adaptation of new ideas. 


The optimum package of inputs makes maximum use of on-site available re- 
Sources and provides the best compromise between potential results and the 
likelihood of successful promotion and effective adoption of improved 
practices and tool systems, 


Sustained growth in agriculture depends on the creation and implementation 
Of a broad-based research and educational systen responsive to the needs 
of rural society, 


A system for popularizing the results of research is essential so that the 
research can ultimately lead to the transformation of the working habits 
of farmers. 


Progress should be obtainable by most farmers without making investments 
or effort out of proportion to the anticipated increased return. 


Ox power is especially suited to tropical areas of high elevation with 
temperate climates and 76 to 100 cm. of rainfall per year. 


To be served by Motoragri, a government mechanization organization in Ivory 
Coast, small farmers with less than 5 hectares must form contiguous groups 
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of at least 20 farms so that a minimum of 100 hectares may be worked in 
one area. 


The Narosurra Farm Mechanization Training Scheme in Kenya teaches young 
African farmers to become tractor operators and better managers in three 
months of intensive, practical and enthusiastic training. 


There must be adequate incentives available to any system to encourage a 
higher level of production before attempting to introduce new levels of 
mechanized technology. 


Programs of development should be integrated into national policy. The 
benefits from programs to improve agricultural mechanization can be increased 
by retaining inferior produce on the domestic market and exporting superior 
produce onto the world market. 


The appropriateness of a mechanization program is closely related to the 
level of management achievable by local farmers (assisted by extension 
agents, 1f necessary). 


Roads, railways, bridges, schools, repair and maintenance services, credit 
and banking facilities are all aspects of local infrastructure having a 
fundamental impact on developing an area's economic potential. 


Smallness of operation is a serious constraint to the scope for mechaniza- 
tion. 


In hand-, and often animal-powered systems, size of operation is frequently 
too small and returns are subject to too high risk to permit experimenta- 
tion; innovation at these levels of mechanization is usually carried out 

by external agents. 


Àn economic conflict arises in the development of engine-powered technology. 
Complete mechanization of the productive process realizes substantial 
economies, but partial mechanization can generate substantial employment, 
thereby diluting some potential economies of mechanization. 


Positive planning is necessary to establish a large-scale operation as a 
local economic stimulus; otherwise, indigenous agriculture and large-scale 
farming coexist, each having little impact on the other. 


The introduction of new implements into areas with inexperienced users should 
be accompanied by practical training courses. These courses should alvays 
be in terms which are relevant and familiar to the local situation. 


Effective demand requires effective articulation between producer and con- 
sumer, and a functional medium of exchange; hence, lack of monetization 
limits technological development. 


Mechanization is only one factor in combination with many others. The 


priority given to mechanization to develop different systems is frequently 
not of the first order. 


AN 


FOREWORD 


The term mechanization, as used by the authors throughout this study en- 
compasses the use of hand and animal operated tools and implements, as well as 
motorized equipment, to reduce human effort, improve the time lines and quality 
of various farm operations, thereby increasing yields, quality of product, and 
overall efficiency. 

The Study, sponsored by the United States Agency for International Develop- 
ment under Contract AID/afr-459, was conducted from February 1, 1967 to Decem- 
ber 31, 1969, by a four man study team from Michigan State University. 

Primary attention was focused on Ethiopia and Ghana with travel to Gambia, 
Ivory Coast, Kenya, Nigeria, Senegal and Tanzania to study specific projects 
and confer with individuals (see map: Frontispiece}, 

To describe the broad geographic area of Africa covered, the term Equator- 
jal" has been selected. Although there is no common agreement Among scientists 
regarding the elevation ranges within the Equatorial Belt that are considered 
"Tropical", səveral criteria have been advanced, These include: 

1, Arees free of frosts. 

2, Areas with climates favorable to production of cold-sensitive peren- 
nial crops such as sugarcane, banana, and coconut, 

3. Areas too low in elevation for production of wheat. 

Following are the percentages of land at the respective ranges is eleva- 


tion.” 


PERCENTAGE OF EQUATORIAL AFRICA WITHIN RESPECTIVE 
RANGES OF ELEVATION 





Range in Elevation Area of Equatorial Africa 
meters percent 


1,836 to 3,672 3.0 


918 to 1,836 


306 to 918 


O to 306 


At the Equator the elevation point that divides Tropical from Subtropical 


ecological conditions is approximately 1,530 meters; near the Tropic of Cancer 





lEquato::ial Africa is generally considered to be the Torrid Zone, lying 
astride the Equator from the Tropic of Cancer (23 27" North Latitude) to the 
Tropic of Capricorn (23° 27" South Latitude). 


Based upon estimates made by counting squares on a plastic grid from the 
"Land Features Map", World Atlas, (Chicago: Encyclopaedia Briticannica Inc., 
1964), pp. 146-7. 
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and the Tropic of Capricom the dividing point is approximately 1,071 meters. 
Each 1° departure in latitude, north or south, from the Equator therefore would 
be equivalent ecologically to a decrease in elevation of 20 meters, Other modi- 
fying factoru are air temperature, proximity of ocean currents, and temperature 
of the prevailing winds, 

According to the above tabl:, Tropical Equatorial Africa therefore would 
include the areas within 0-306 meters, 306-918 meters, and about half of the 
areas within the 918-1,836 meter range in elevation. Thus, of Equatorial Afri- 
ca, 85 percent, or about 19.4 million Square kilometers can be considered Trop- 
ical, and 15 percent or about 3.4 million square kilometers as Subtropical. 

The Study had been conceived as documented compilation of published and 
unpublished data on mechanized farming and related topics, to identify engineer- 
ing problems and make recommendations for future planning. In general this 
policy has been followed but, in a few cases, the absence of secondary data 
forced the Team to collect tcs oun information. To coordinate the large num- 
bet of data sources, units have been converted to the metric system and mone- 
tary values to U.S, dollars, 

The Study Team hopes that the information compiled will prove of value in 
planning and implementing mechanization programs. The recommendations, both 
general and specific, are aimed at improving the productivity of Equatorial 
African agriculture through selective mechanization. 

Several different audiences are envisaged for this report. Individuals 
at the policy-making level will be interested primarily in Part One which con- 
tains the Summary and Recommendations. Specialists, scholars and others in- 
terested in particular aspects of mechanized farming in Equatorial Africa will 
find details in Part Two. The bibliography, in Part Three, lists over 400 
annotated references. Photographs have been used liberally to provide clear 
descriptions of farming conditions and the diversity of tools and machines 
currently used. 

Such a broad study involving travel and consultations in eight countries 
of Equatorial Africa, prevents the Study Team from adequately crediting all 
the people who so kindly helped. 

Thanks are due the advisory group, comprising: Dr. William Chancellor, 
Professor, Agricultural Engineering Department, University of California, 
Davis, California; A.D. Faunce, former Chief, Agricultural Engineering Branch, 
Land and Water Development Division, Food and Agriculture Organization (FAO), 
Rome, Italy; N.M. Garrard, Overseas Liaison Officer, National Institute of 
Agricultural Engineering, Silsoe, England; Lloyd Johnson, Agricultural Engineer, 
Rockefeller Foundation, formerly with the International Rice Research Institute, 
Manila, Philippines; G. LaBrousse, Chief, Agricultural Engineering Liaison 
Office, Research Institute for Tropical Agriculture, (CEEMAT), Antony, France, 
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for many helpful suggestions and constructive criticisms during the planning 
and implementation of the Study. 

Special appreciation and thanks are expressed for help in Ethiopia to the 
officials and technical staff in the Ministry of Agriculture (MOA), the Insti- 
tute of Agricultural Research (IAR), the Chilalo Agricultural Development 
Unit (CADU), the Awash Valley Authority (AVA), the Tendaho Plantations Share 
Company, the American (Presbyterian) Mission, the Stanford Research Institute 
Team (SRI), the Haile Selassie I College of Agriculture at Alemaya, the Econo- 
mic Commission for Africa (ECA), and various farm machínery dealers. 

In Kenya, the Team was ably assisted by the Ministry of Agriculture, the 
East Africa Agricultural and Forestry Research Organization (EAAFRO), Egerton 
College, the Narosurra Farm Mechanization Training Scheme, the Kenya Agricul- 
tural Machinery Unit (KAMU), major farm machinery dealers, and the USAID Mission 
to Kenya, In Tanzania, the Team was aided by the Ministry of Agriculture, the 
Tanzania Agricultural Machinery Testing Unit (TAMTU), the Western Research 
Station at Ukiriguru, the Tropical Pesticides Research Institute (TPRI), the 
Coffee Research Institute (CRI), the Sisal Research Station, and the USAID 
Mission to Tanzania. In Uganda, assistance came from the Faculty of Agriculture 
&t Makerere University College, Kampala. 

In Ghana, the Team became indebted to the Mechanization and Transport 
Division of the Ministry of Agriculture, the Council for Scientific and Indus- 
trial Research (CSRI) and its Soils and Crops Research Institutes (SCRI), the 
Colleges of Agriculture at the University of Ghana, Legon, and the University 
of Science and Technology, Kumasi, the Agricultural Extension Service in the 
Northern and Upper Regions, the major farm equipment distributors, and the 
USAID Mission to Ghana. In Nigeria, help came from the Ministry of Agriculture, 
the Engineering Division of the Western Region, Ministry of Agriculture, the 
University of Nigeria at Ibadan, the University of Ife at Ile-Ife, the Alimadu 
Bello University at Samaru, the Industrial Development Center (IDC) at Zaria, 
the International Institute for Tropical Agriculture (IITA) at Ibadan, the 
farm machinery dealers, and the USAID Mission to Nigeria. 

In Senegal, appreciation is due the Ministry of Agriculture, the Bambey 
Centre for Agronomic Research, the SISCOMA factory and the USAID Mission to 
Senegal. In Ivory Coast, help came from the Ministry of Agriculture, the 
Motoragri organization and the USAID staff at the American Embassy. 

The Study also gives special thanks to Ato Werqu Mekasha, Director, In- 
stitute of Agricultural Research and Assistant Minister, Imperial Ethiopian 
Governmetit; to Dr. Ibrahim Abu Sharr, FAO Project Manager, Institute of Agri- 
cultural Research; and to Dr. John L. Fischer, Chief, Food and Agricultural 
Division, USAID/Ethiopia, for their constant help and logistic support in 
providing a base for the Team's headquarters in Ethiopia. The active partici- 
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devotion to her secretarial duties. 
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Woodrow W. Leake for his constant help and encouragemen.. 
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AGRICULTURAL MECHANIZATION IN 


EQUATORIAL AFRICA 


PART ONE 


SUMMARY, RECOMMENDATIONS AND GUIDELINES 


PART ONE 


PREFACE 


Part One consists of a summary, recommendations and guidelines. 

Each numbered section in the Summary relates directly to the correspond- 
ing chapter in Part Two which is the body of the report and contains the data, 
analyses and illustrations, 

Twelve recommendations are presented covering a broad range of activities 
and programs which the authors feel are essential for effective use of var- 
ious levels of mechanization in agriculture. The recommendations stem from 
the total experience of the Study team which includes many years of work in 
developing countries prior to this project. The Recommendations have been 
stated as briefly as possible. They are intended to deal with principles and 
broad concepts rather than specific details for implementation which will 
vary for every location. 

Some suggestions for implementation of the Recommendations are presented 
as guidelines. Each related Guideline is numbered to correspond to a Recom- 
mendation. The Guidelines will have to be adapted to each local situation, 
but it is intended that the Recommendations will be valid at the appropriate 


local, national, or international level in the countries within the Study area. 


1-111 


SUMMARY 
Intr ti 
The Nature of a Mechanisatio: Study 


African economies are primarily agricultural and the key to economic 
development for nations ín Equatorial Africa lies in raising the productivity 
of the agricultural population. In order that increased agricultural produc- 
tivity say realize increused income for farmers the zeneral prosperity of 
nations must be stimulated to increase effective demand for agricultural 
produce. Agricul. ral production may be raived by eitner bringing more land 
under cultivation or by increasing the productivity of land already under 
cultivation. Mechanization is an important input which facilitates increasing 
agricultural productivity, but it is impracticable unless there ie also means 
for profi.ably disposing of the reoultont increase through commercial outlete. 
Thus, the mechanization of agriculture and the development of a commercial 
economy are concomitant factors in programs of econowic development. 

There is a shortage of farm power in Equatorial Africa, over 99 percent 
being derived from human effort. A human being has been rated at about 1/10 
horsepower, while the minimum power requirecent for an efficient agriculture 
has been estimated at about 1/2 horsepower per hectare. 

The definition of agricultural nechanization employed in this Study is: 
any muchanical means used in the processes of agricultural production. This 
definition includes hand-, animal-, and engine-powered equipment in the con- 
texte of production, processing, transportation and marketing of agricultural 
produce. 

In cac! case, fron the simplest hoe to the moet complicated machine and 
powerful trictor, the purpose of mechanization is to make man a more efficient 
director ot power. When a farmer acts as both a producer and director of 
power hie activities as a director are greatly limited since noot of his 
energy is used in meeting the demand for power. Power is time-rated, so the 
farmer's total capacity to work the land is dependent primarily upon how many 
able bodies can be enployed during the tice period for key operations. Bottle- 
necks develop because soil preparation, planting, weeding, and harvesting 
require much time. It should be recognized that most farmers in Africa, 
particularly those in the savannah areas, consider labor their principal 
constraint (despite apparent undereaployment for most of the year) and are 


primarily interested in maximizing their returns to labor rather than to land.) 





l jonn C. de Wilde, "Making Agricultural Research Relevant to African Far- 


mere," Conjenence on Agricultural Research Priorities for Economic Development 
in Africa, Vol. III: Contributed Papers: Animal Production and Health, 
Economies; Farming Systems; Education; Research and Institutcons (Abidjan, 
Ivory Coast: National Academy of Sciences, National Research Council, 

S-12 April, 1968), p. 177. 


1-1 


The Fundamental Importance of Soil and Crop Management 


While mechanization 18 an essential factor for increasing agricultural 
productivity, its success is preconditioned by basic factors of management 
of favorable soils and crops. The adoption of new forms of power can lead 
to increased production due to both higher yields and greater area in crops. 

Scientific soil and crop management began late in Africa. Marbut has 
expressed a strong opinion that soil and land use surveys should be the scien- 
tific basis of land use.” Potential crop yields of the tropics in general 
tund to be higher than those in temperate zones and, where soils have been 
well used, fertilizers can rapidly rejuvenate. Soil survey work will assist 
in future use of soils, and the appropriate form of mechanization to be applied 
in their cultivation. 

Bush fallow or shifting cultivation traditionally has been followed over 
much of Equatorial Africa. For a subsistence agriculture with low inputs and 
outputs no more satisfactory technique has evolved. The bush fallow system, 
however, can be practiced only in areas of low population density. The al- 
ternative 1s scientific management of all factors of production, starting with 
the selection of soils that are most responsive, managing them scientifícally 
and using modern inputs. Such an approach demands scientific field research, 
an area of inquiry in which much work remains to be initiated. 

Traditional farming systems appear similar throughout Equatorial Africa 
except in the highlands of Ethiopia, Kenya, and Tanzania. Small garden culti- 
vation produces vegetable and tree food crops continuously by using animal 
manuree; bush clearings are cultivated for 2 or 3 years and then abandoned 
to fallow for 15 to 20 years. 

Population pressure gradually demands a scientific approach to soil 
management and the question arises of a satisfactory alternative to shifting 
cultivation. Scientific soil investigators also must determine how soil struc- 
ture can be maintained and erosion controlled, the mosc economical use of 
fertilizers on tropical soils, and cultivation techniques to avoid laterite 
hardening. 

Overgrazing, wind and rain erosion are important ecological factors to 
consider in scientific soil management. Where population is sparse in the 
savannah belt only 5 to 10 percent of land is in cultivated crops each year. 
However, in areas of heavy rural population pressure where land is needed and 
cannot be left in fallow an average of 6 out of 8 years, and in the rain forest 
areas cleared for large scale mechanized farming, soil erosion is probably | 


the most serious of all problems in soil management. For instance, southeastern 
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Nigeria's problem of erosion stems from great population preseure and high 
rainfall. 


General Background to Mechanization 


In terms of engine-powered mechanization Kenya has more agricultural 
tractors than any other country included in the Study (6,145 in 1966). The 
order for nine countries in 1964-5 was: Kenya, Tanzania, Ghana, Uganda, Ivory 
Coast, Ethiopia, Nigeria, Senegal, and Gambia, 

Data on the relative proportions spent on tractors and agricultural machin- 
ery for the period 1960-1967 show: 

Ethiopia Total purchases of agricultural machinery have increased, but 
the relative proportion of tractors included in these imports has decreased; 
there has been a substantial increase in the importation of tractors relative 
to the number in the country; 

Gambia There has been a slight decline in agricultural machinery imports 
relative to total imports; the number of tractors imported has declined both 
in proportion to numbers in the country and in proportion to other agricultural 
machinery; 

Ghana Although fluctuating, the proportion of total agricultural imports 
tends to be constant; tractor proportions substantially increased, with a large 
boost in tractor imports in 1961; 

Ivory Coast The relative value of agricultural machinery to other 
imports has remained fairly constant; 

Kenya Agricultural machinery imports have gradually increased in relation 
to total imports; there has been a gradual increase in both the proportion of 
tractors in the imports of agricultural machinery and in the relation to total 
numbers of tractors in the country; 

Nigeria The relative proportions of both agricultural machinery and trac- 
tor imports have remained at a fairly constant low level of total imports; 
tractor imports have ranged from about one-half to two-thirds of the total 
value of agricultural machinery imports; 

Senegal The relative proportion of agricultural machinery imports to 
total imports has remained fairly constant at a low level; there has been 
a substantial increase in the relative proportion of tractors in agricultural 
machinery imports; 


Tanzania Agricultural machinery imports have remained a fairly constant 





proportion of total imports; tractor proportions of agricultural imports have 
increased; 

Uganda Agricultural machinery has remained a fairly low percentage 
of total imports, tending to decline slightly; tractor imports have been a 
substantial proportion of total agricultural machinery imports. 
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An examination of the operational costs for tractors and various agri- 
cultural processes in the countries covered by the Study reveals a wide véri- 
ation in the composition of these costs. It is clear that low operational 
hours and high administrative and transport costs militate against the eco- 
nomical use of engine-powered agricultural machinery. 

Comparative costs of operating hand-powered tools, oxen-powered equip- 
ment, small engine-powered equipment and tractor-powered equipment in compar- 
able cultivation practices suggest that costs are highest per hectare for 
operating oxen and lowest for :ractor operations. These data are taken from 
specific experimental work in northern Nigeria and should not be used to draw 
general conclusions without making similar economic investigations in other 
areas. Although such studies have not been correlated with levels of produc- 
tion it is evident that the speed and capacity of tractor operations is re- 
sponsible for low costs per hectare. Tractor operation is charged only for 
depreciation and maintainance over the time of operation; in contrast, the 
oxen farmer's depreciation costs are small, but must be met for the entire 
life of animals and equipment. Thus, such studies do not permit an accurate 
comparison between different levels of mechanization, nor do they take into 
account the very large capital outlay required for engine-powered equipment. 
A further problem with comparative costs of this nature is the low opportunity 
costs for the self-employ2d farmer; if there is no alternative employment for 
the hand labor of the farmer, then an imputed value for hand labor is unrealis- . 


tic since the operational costs for hand cultivation tend to approach zero. 
Mechanization and Its Role in Agricultural Development 


The cornerstone for economic progress of.any nation is the development 
of its natural resources and manpower. The developing nations of Equatorial 
Africa are richly endowed. Equatorial Africa has the largest amount of 
arable land “fin year-round growing potential of any continent: 724 million 
hectares of pèkential arable land, of which over 90 percent lies in the 
tropical belt.” KR ` 


Potential for Multiple Cropping in Equatorial: Africa 


_ The potential arable land is especially significant because it lies 
in climatic zones which allow 2, 3 aud even 4 crops to be raised annually. 
Thus, the African nations could become an important supplier of food and 
fiber to the world if the rain limitations of water and power can be over- 


. d 
come and the necessary human resources supplied. At the present time, 
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however, Africa has the largest area under shifting cultivation of any conti- 
nent. The Chinese Rice Production Teams show conclusively that yields of 
rice comparable to those obtained in Taiwan can be produced in many African 
countries by using the same varieties of rice and similar cultivation prac- 
tices. 

In the Yamoussoukro Valley in the Ivory Coast, an irrigated rice project 
was observed which produced 7,000 to 8,000 kilograms per hectare per crop. 
But the outstanding feature vas the production of 3 crops per year for a total 
average yield of 21,000 to 24,000 kilograms per hectare per year. Further, 
the International Rice Research Institute (IRRI) has produced newer varieties 
which have out-yielded all older varieties (including those used in Taiwan 
and the Ivory Coast mentioned above) by 1,000 to 2,000 kilograms per hectare. 
Thus, the tremendous potential for Equatorial Africa is demonstrated. 

Raising three crops per year, however, requires additional power and improved 
tools. A major objective of this Study is to consider how these requirements 
can be mete 


Intenzified Annual Production 


` 
Agriculturalists must "think in terms of production for as many days of 
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the year as possible. The objective of modern agrículture is to produce 


as much food and feed per hectare as is economically feasible and to give 
the smaller farmers, with only 2 to 10 hectares, a better income and a far 
higher standard of living. Another objective of IRRI has been to minimize 


and mechanize the many operations involved in crop production. 


Our experience to date indicated that much of the hand 
labor in use on small farms can be replaced by suitably de- 
signed machines. Labor thus freed can be absorbed at more 
productive jobs . . . The inputs for such systems are: high- 
grade varieties of all crops, water control at all times, with 
plenty for irrigation during the dry season and ample provi- 
sion for drainage during the wet season. Fertilizers under 
these conditions can and must be used liberally. Insect pests, 
crop diseases and weeds must be controlled at all times. . . 
Unit costs of production can be lowered because of the higher 
yields and the more efficient use of land, labor and equipment. 


Increasing agricultural production is a feasible proposition only if the 
economy is able to absorb the additional output. Equatorial Africa is faced 
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by a serious deficit in effective demand, The terms of reference for a mech- 
anization study are such that investigaticne are directed mainly at agricul- 
tural production processes but the significance of effective demand must not 
be overlooked. Without a reliable outlet to absorb increases in production, 
which are essential concomitants to agricultural mechanization, every mech- 
anization scheme will quickly flounder and become an embarrassmeut to its 


sponsors. 


Diffusion of Technical Knowledge 


The essential problems of technological improvement are to supply know- 
ledge to the small farmer and to meke available the necessary inputs to facil- 
itate his becoming a more productive farmer . 

To persuade farmers to accept the techniques and methods 

of modern agriculture is a formidable and complex undertaking. 

Farmers in traditional subsistence economies are understandably 

wary of assuming new -isks because they are so close to the 

margin of survival. If a farmer is to invest in the modern in- 

puts of improved seeds, tools, fertilizer, and pesticides that 

are essential to increasing the output of his land, these re- 

Sources must be easily available to him, a system of farm credit 

must be established so that he can afford to purchase them, he 

must be instructed in the proper and economic utilization of 

these materials, he must be reassured that he will be compen- 

sated for possible losses incurred in the process of innovation, 

and, above all, he must be shown that the potential payoff is 

worth the risk. Land tenure polictes should not be such that 


his landlord will profit and he will not . . . pricing policies 
should not favor the consumer at the expense of the producer.7 


The Small Farmer as Decision-maker 


The outcome of all attempts to diffuse technical knowledge depends on 
how the small farmer employs his resources. If effective changes are to be 
introduced into traditional agriculture to encourage the emergence of a com- 
mercial system, the small farmer must be completely incorporated since it le 
he who is responsible for production. 

The small farmer can be by-passed in certain commercial-type operations 
producing sugar cane, sisal, cotton and palm oil. Such products are generally 
export or import substitute crops. This usually occurs when special knowledge, 
extensive capital, and large-scale operations are used to produce these com- 
modities. However, the small farmer may become an important contributor to 
these industries since they offer him a ready market for production beyond 
his family needs if he is able to meet minimum technological requirements. 

To produce beyond his immediate family needs the small farmer must be able to 
improve his allocation of resources at all levels of production. The economic 
use of additional mechanical power will facilitate this process. 
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pp. 15-16. 


1-6 


Objectives of the Study 


The objectives are as followa: 

1. To identify and analyze farming methods now followed and the types 
of toole and equipment now used; 

2. To identify the factors or conditions favoring or hindering various 
forms of mechanization; 

3. To make an economic appraisal of the problems inherent in selective 
mechanization in the areas studied; 

4. To identify specific agricultural engineering problems requiring 
attention and suggest related research; and 

5. To develop a series of generalizations as the basis for planning 


selective mechanization programs. 
Methodology 


The members of the Study team were involved in African field work for 
approximately eighteen months,  First-hand experience was gained by personal 
observations of programs and schemes related to agricultural mechanization 
in Equatorial Africa, and by interviews with professional persons involved ir 
these operations. Two countries were selected for study in depth: Ethiopia 
in eastern Africa, and Ghana in western Africa. 

The approach to agricultural mechanization has been to envisage the 
agricultural system within which power and implement systems are one of many 
inputs in the production function. This approach necessitates the description 


and analysis of a number of representative cases. 


General Description of Present Farming Systems 


in Selected Equatorial African Countries 


The process of agricultural mechanization involves changes in agricul- 
tural technology. In terms of basic factors of production, the agricultural 
production function combines land, labor, and capital in a manner supervised 
by the farmer acting in his role as manager. Increasing the power element in 
the production function is achieved by any incrementa of capital, substituting 
either for labor or land, or being a neutral technological change. The change 
which agricultural mechanization effects is summarized in the consequent change 
occurring in the production function. 

Three broad categories exist in farming systems, Because contemporary 
Systeme are dynamic it is difficult to maintain a strict division between 


hand-powered, animal-powered and engine-powered agriculture. 
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Ecological Factors 


In agricultural systems tho most important ecological factors are soil 
and rainfall. To illustrate date necessary for a ecientific approach to agri- 
cultural mechanization, soil analyses were conducted at five Ethiopian study 
sites. Table I summarizes the soil and raínfall characteristics for Ethiopia. 


TABLE I AVERAGE RAINFALL, ELEVATION, AND DOMINANT SOILS AT FIVE 


ETHIOPIAN STUDY SITES 
Average Annual 
Rainfall Dominant Soile 
Silty and clayey 


(willimetere) (meters) 
900 to 1,000 1,800 

alluvium from 
Baro River 


700 to 1,000 2,000 to 
2,500 
alluvium from Awash 


e | we River, some saline 
500 to 700 500 to 700 | Vertisols (deep, 
black residial cla e)» 


Hand-powered Agriculture 


Technical and Engineering Factora 


Throughout Equatorisl Africa the typical farmer is a hand tool user. 
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Chilalo Agricultural 
Development Unit (CADU) 


Dark brown clay 
developed from cal- 
careous lava and 
bedrock; some red, 
acid clays 








Anibara (Middle Awash 
Settlement Schene) 





Silt loams and clay 
loam alluvium from 
Avash River 

















Tendaho (Tendaho 
Plantations Sharc 


Silty and clayey 





At no place in Equatorial Africa does any form of power farming, wither animal 
or engine, exist without some use Of hand tools. While a great variety 

of hand tools exists, there is a remarkable similarity in tools among coun- 
tries and regions. Because of the arduous nature of hand work, especially 

in primary tillage, the hand farmer favors the concept of minimum tillage. Where 
there are distinct dry and wet seasons with hard soile, intense rainfall and 
critical planting times, the farmer has to compromise to get hie crops in on 
time and to plant a sufficient amount to feed his family. As a reeult of the 
severe limitations and his inability to control nature, he has evolved rather 
strict systems of cultivation practíces vhich assure hím a food supply with 
the least risk of failure. 


1) Mixed Cropping 


One widely practiced system of hedging against risk is mixed cropping; 
common in western Africa, with 2 to 8 different crops grown together on the 
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same plot of land. Mixed cropping can be practiced in both shifting cultiva- 
tion and pernanent agriculture. Several advantages to this system of cropping 
are: (1) assurance against crop failure since it is unlikely that disease, 
drought or insects will wipe out all creps; (2) higher total production from 
several crops than for individual crops grown singly;° (3) more efficient 

use of available power since the ground needs to be prepared only once for 
several crops; (4) concentration of crops permits selection of the most 
suitable land for cultivation; (5) weed control promoted by close spacing and 
intensive hand cultivation; (6) observation of all crops; (7) period and 
uniformity of labor utilization extended by continuous planting, weeding, 
harvesting, tilling and replanting; (8) a longer fallow period permitted for 
renewing the land and controlling severe weed problens. 

Mixed cropping also has definite drawbacks which inhibit the introduc- 
tion and adoption of Imoroved agricultural practices and tools. Some dis- 
advantages are: (1) it is not possible to use efficient weeding methods or 
tools in randomly-spaced crops; (2) work is more tiring and less efficient 
when it is difficult to distinguish between mixed crops and weeds; (3) ferti- 
lizer cannot be tailored to individual crop needs; (4) spraying for specific 
insects and diseases is impossible; (5) the system discourages specialization 


and research to improve crop production. 
2) Hand Tools 


The tools of the hand farmer are made generally by local artisans; they 
are inexpensive and easy to repair, Farmers who seldom know about anything 
better, are satisfied and make up for deficiencies in design and materials 
by increasing human efforts or by improving dexterity. Most tools are made 
out of acrap metal; rural blacksmiths seldom know how to temper metal so that 
it will keep a true, sharp edge. Tools soon become dull, are seldom shar- 
pened, and farmers continue to use them until they are worn beyond efficient 
use. 

Considerable improvements can be made in present designs if metal parts 
are made of properly tempered high-carbon steel which lasts longer and holds 
a cutting edge. Design improvement for all tools should consider balance, 
manipulation and weight. Tools which effectively utilize man's strength, 
without being too heavy or causing undue fatigue, would be a marked advance 
toward greater efficiency. 

The best tool, however, must be available locally. Supply and distri- 
bution of simple improved tools at the village level in developing countries 





BC. J.N. Gibbs, An Economic Study of Three Villages in Bauchi Province, 
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is a critical problem. More effort and motivation ie required to improve tne 
supply of improved tools in villages distant from main roads. Tool parts are 
heavy, profit margins are small, and the average trader is reluctant to 
handle new items not yet accepted, even thougi they may be technically better 
than traditional tools. 

In all probability the most effective and lowest cost distribution can 
be obtained by establishing small factories in each country. In most African 
countries, as pointed out by de Paul of Scovil Hoe Company of the United 
States, the right kind of tool-steel must be imported since this is the heart 
of the tool.” Steel blanks can be prepared and sent in bulk at very reason- 
able cost to small finishing plants in Afri:a for final processing. But, 
even if this is done, there is still the problem of getting the tools into 
the hands of farmers and encouraging them to use it. Since the local black- 
smith is the source of community repairs and the supply of indigenous tools, 
he should be given practical training to increas: his capabilities, 


Hand-powered Agriculture 


Three cases have been selected to exemplify the hand-powered agricultural 
system: Agnale Village, southwest Ethiopia; Zuarungu District, northeast 
Ghana; Nasarawa Village, northern Nigeria. Hand-powered economies are complex 
farming systems because each unit is organized to be self-sufficient. In 
the more sophisticated cases of Ghana and Nigeria, a large variety of crops 


are grown in mixed cropping system to insure against the risks of crop failure, 
1)  Agnale Village, Ethiopia 


Agnale village represents the least sóphisticated hand-powered system. 
Main crops are maize (corn) and sorghum. Land is relatively abundant (the 
village farms about 38 hectares) and crop yields from 2 crops per year are 
adequate for the population. There is little privation in the area except 
for a short "hunger time" immediately before the July-August harvest period. 
The agricultural system is in balance with a reasonable distribution of 
leisure time throughout the year. This case demonstrateg the labor constraint 
on expanding any productive possibilities. During the January-March period, 
labor requirements reach the maximum which the work force of the village can 
supply. Also, the system lacks any market infrastructure and is completely 
non-monetized. The economy has no facility for absorbing surplus production 


which the least sophisticated form of mechanization can realize. 





9 
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2) Zuarungu District, Ghana 


Zuarungu dístrict is a heavily populated area of northeastern Ghana in - 
which a shortage of cultivated food is a common experience, The area had no 
activities other than hand-powered farming before World War II. Since then, 
the town of Bolgatanga has developed as a commerctal center and a few com- 
mercial enterprises have been established. Agriculture is fixed in a pattern 
of small homestead compounds with farms averaging 3.23 hectares. Mixed crop- 
ping is the general rule for a wide variety of crops, and some livestock are 
owned, but poorly cared for, by the average farmer, Zuarungu district rep- 
resents a system with an underutilization of available labor and a general 
lack of power to improve the quality of tillage practices. Additional power 
could be obtained by diversifying into a mixed-farm System employing animal 
power and selling animal products. An adequate potential market exists to 
support this development but the farm structure at present is too small and 


fragnented. 
3) Northern Nigerian Village Agriculturc 


Village agriculture in northern Nigeria represents another contrast. 
The people, as exemplified by Nasarawa village, live in well-organized com- 
munities which produce some surplus for the local market. Farm workers spend 
time in other occupations. The system 1s monetized and, as a hand-labor 
economy, is fairly sophisticated. Population pressure on the land is fairly 
heavy in these village areas; farms tend to be small and fragmented, with an 
average size of 2.36 hectares. Mixed cropping is extensively practiced with 
a wide variety of crops. The system generally supports its hard working 
population but some food shortages occur in bad seasons; the population can 
meet labor demands of the farms. The System is fairly well monetized and the 
fundamentals of a market system exist. 

These three hand-labor economies represent a system of farming which 
has evolved over generations to meet the basic needs of the people. The 
System maintains a balance and the people have confidence in its capacity to 
provide a sufficiency for survival. Any introduction of change may be seen 
from within the system as an intolerable threat of uncertainty against which 


safeguards are unknown. 
Animal-powered Agriculture 


Animal-powered farming is referred to by a variety of terms: mixed 
farming in Nigeria, bullock farming in Ghana, animal farming in Senegal and 
ox-plow farming in most other areas. Oxen power is relatively new for most 
parts of Equatorial Africa; only in Ethiopia is there a long tradition of 
using oxen, In Nigeria and Ghana, the first government support for animal 
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power vas initiated in the 1920's and 1930's. In Francophone countries, 
emphasis on animale for farm power began in tho 1930's, 


Technical and Engineering Factors 


1) Animal Utilization 


Most anizal implements are drawn by two animals, although in the light, 
Gandy soile of West Africa, single animale are often used. In the East 
African highlands, 4, 6, 8 and even 12 oxen are used to plow or break the 
heavy soíls, particularly after lying fallow for some time. This applies 
primerily to Kenya and Tanzania where the introduction of the western-type 
moldboard plow for deeper tillage has forced the use of tandem pairs. In 
contrast, tue traditional Ethiopian breaking-plow or aid seldom stira the 
soil below 12 cm. and only one pair of oxen ie used. A large ridging plow 
used in Ghana and Nigeria on light soils may be operated with one pair of oxen 
only after rains have softened the sotl. 

More eaphaeis has been placed on improved animal-power in the Franco- 
phone countries of vestern Africa. Sales of animal equipaent during 1958- 
1968 suggest a relatively high acceptance of anival-powered technology. 

In Gambia, a series of programs and schools for training farmers and 
animale was started in the late 1950's by Moczarski. 0 These have been tela- 
tively successful in assisting subsistence farmers to enter the commercial 
agriculture stage. Moczarski developed a system of farming around a package 
of tools rather than just one basic tool as happened in Nigeria with the 
ridging plow. Use of an inproved toolbar encourages the adoption of other 
improved agricultural practices and gradually builds an effective ayetem of 
improved power farming. 


2) Criteria for Successful Introduction of Animal Power 


In each case of successful promotion there has been a concerted, con- 
tinuous and ve!l-supported program of government activities including ox- 
training, farser-training, desonstration of better tools and provision for 
credit, along with adaptive research and cooperation between the extension 
service, research institutes, the government ainistries and technical assis- 
tance progrars. A great deal of tiae, money and effort ts required to intro- 
duce a successful program of animal-povered technology as described for 


Senegal." In Tanzania and elsevhere in Past Africa, ox-plowing schools were 





105 2. Moczarski, Extension Specialist, PAO/UN, Ministry of Agriculture, 
Gambia, 1951-61. 
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established to train farmers and oxen in this new technique, but continuous 
government support was necessary to maintain farmers' interests. 


3) Limitations in Present Development 


It is very difficult to introduce new techniques which conflict with 
established attitudes. In the traditional cattle-herding areas of Equatorial 
Africa, there is great opportunity to employ animal-power in annual crop 
production. The present numbers of working oxen as compared to total numbers 
of cattle is practically negligible outside of Ethiopia. Cattle-herders and 
soil cultivators frequently are distinctly different groups tending to share 
few interests. In northeast Ghana the Kusasi people have learned to use 
cattle for work, but after field work is finished, the cattle are turned over 
to the Fulanis to herd. 

Debilitating and fatal animal diseases prevent application of animal- 
powered technology in an area of approximately 11.7 million square kilometers 
of Equatorial Afríca. Eradication of the tsetse fly probably would enable the 
tropical zone of Africa to stock an additional 125 million head of cattle.” 
Many of these cattle could be working animals. The problem of disease mag- 
nifies the many difficulties affecting the use of animal-power in Equatorial 
Africa. Much long-term research, constant eftort, and close cooperation are 


required of all groups concerned with agricultural development. 


Animal-powered Agricultural Systems 


Two areas were selected as models for animal-powered farming systems: 
both are in economic trensition. The first case is in the Chilalo Awraja 
of Ethiopia. The Chilalo Agricultural Development Unit (CADU) of the Swedish 
International Development Agency (SIDA) has organized a technical assistance 
package program including limited introduction of engine-powered agriculture 
into this predominantly oxen-powered area. The second area in the northeastern 
part of Ghana is essentially hand-powered. There, the Christian Service 
Committee has a small development program to introduce appropriate forms of 
animal-powered equipment. Some additional observations are drawn from Gambia 


and the Tanzanian experience with engine- and animal-power. 
1)  Chilalo Awraja, Ethiopia 


The CADU development program is a multi-disciplinary approach with three 
main objectives: (1) to conduct experiments on the improvement of production 
and marketing of agricultural products; (2) to disseminate new agricultural 
techniques; and (3) to make feasibility studies on the improvement of trans- 
portation, education, training, public health, commerce and índustry. 
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The farning of the area is essentially mixed. À variety of cereal crops 
is grown and all types of livestock are raised. The average fam size ig 
8.1 hectares, of which 5.1 hectares is under cultivation and the remainder 
grazed. Oxen provide the predominant form of agricultural power, although 
there are some 30 tractors, mainly owned by CADU,in the area. The area 1s 
in transition: improvements are being introduced to the local pattern of ox 
cultivation along with the introduction of tractor power. The case represents 
a farming system dependent on oxen power, with a fairly well-established 
commercial economy that can Support a more sophisticated agricultural tech- 
nology and commercial practices. 


2) The Christian Service Committee, Upper Ghana 


In northeastern Ghana the Kusasi people traditionally are crop farmers 
owning cattle but caring little about them. Mixed farming was ei.ccuraged by 
the government through the establishment of "bullock-training centers" durirg 
the 1930's. Since 1966, renewed encouragement has been given to oxen farming. 
Christian Service Committee personnel are working in this area: (1) to assist 
the local farmers in Solving their most pressing technical problems; (2) to 
develop the adaption of animal-powered agriculture. Farmers are relatively 
poor and must use their oun cattle, which tend to be too small and light to 
pull standard oxen equipment, The CSC approach to local problems is prag- 
matic and based on three important principles: 

l. That careful study is given to specific local problems and adaptive 
research is carried out in the areas where new technology will be applied, 
and not at centers remote from the area; 

2. That the intermediate stage of animal-powered agriculture is an im- 
portant teaching device for demonstrating new cultivation principles; 

3. That local instruction courses are appreciated when they come to 
grips with relevant local problems and are handled in terms, and in a medium 
of instruction, which can be assimilated by those attending the school, 


3) Additional Observations on Ox Power 


a) Gambia In 1955 the government of Gambia established the first 
ox-plowing school; by June, 1968 there were 320 trainees enrolled at 24 
Mixed Farm Centres. Each trainee i8 a young man from 15 to 35 years of age 
who takes his own oxen to a center for a period of 8 1/2 months. 

It has been estimated that ox cultivation can increase production of 
groundnuts and millet by about 33 percent, the area under cultivation by 33 
percent, and gross income by 44 percent. Yields have not increased over those 
for hand cultivation, but in most countries in Equatorial Africa there ig 
adequate land to permit expansion. 
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b) Tanzania In Tanzania the government has retreated from a policy 





of actively encouraging engine-powered mechanization of agriculture to one of 
more circumspect use of tractors and definite encouragement of oxen-powér. 
Research, testing and training facilities to improve the animal-powered tech- 
nology are being established. Oxen-power has been found more appropriate to 
the level of development of most areas and the level of understanding of most 
farmers. Reduced running costs, small repair costs for equipment, low replace- 
ment of draft animals, the multi-purpose nature of the animal and a minimal 
drain on foreign exchange are all factors contributing to the appropriateness 


of oxen for most of Tanzanian agriculture. 
Engine-powered Agriculture 


The application of engine-power enables man to become a director of almost 
unlimited power. However, engine-power is cootly and, in order to utilize 
this power economically, high management and technical skills must be employed 
along with other modern inputs. The increasing use of mass communication media 
to describe what other nations are doing, the establishment and operation of 
8uccessful commercial-type farms and plantations within African countries ard 
the rising education levels, have awakened the small farmer to the possibil- 
ities of mechanical power. 

Major advantages of engine-power are: (1) more thorough land preparation 
and greater speed of operations; (2) capacity to handle the heavier and more 
difficult soils more independently of weather and season; (3) ability to 
break heavy sods and grassland and turn under large amounts of vegetation; 

(4) more timely operations including early planting by optimum dates; (5) better 
weed control and inter-row cultivation; (6) efficient stationary power avail- 
able for harvesting, threshing and processing; and (7) the possibility to 

double and triple crop land where adequate rainfall or water is available for 


irrigation. 


Technical and Engineering Factors 


The greatest problem is rational selection, operation and maintenance of 
machine systems so the costs do not exceed benefits. For the small farmer, 
this is a difficult requirement since the total price of his crops and the 
size of his holding restrict his potential income. As Le Quinio pointed out, 
"in French speaking West Africa, they have found that mechanization can only 
be profitable when applied to export crops, "13 


Àn engine-powered farmer must be a better-than-average farmer, and must 





31e Quinio, Minutes of Meeting of Specialist Comittee on Agricultural 
Machinery Held at Northern Research Center (Tengeru, Arusha, Tanzania: 
October 3, 4 and 5, 1967), p. 5. 


1-15 


achieve much higher yields to offset the higher costs of Production. These 
costs tend to be, high because of: (1) the need to clear and prepare the land 
thoroughly prior to. tractor operation; (2) the high cost of imported machinery, 
equipment, attachments" or additional implements for work diversification; 

(3) the difficulties of maintaining and repairing complicated machinery; (4) the 
lack of experience and understanding in managing costly machine Systems; and 

(5) the high cash expenditure for operational supplies and services such as 

fuel and lubricants, tractor and implement repairs, 

African countries are using several approaches to introduce engine-powered 
agriculture into communities. For the small farmer who wishes to hire ma- 
chinery, several governments provide tractor-hire Services; a few large farmers 
9r contractors do custom work for others; cooperatives are formed to offer 
machinery Services; or several farmers form a private machinery group. If 
a farmer desires to become an owner, he may buy a small power unit for his 
own needs; he may join with neighbors to buy a medium Size tractor; or he may 
buy a larger tractor and become a farmer-contractor, Large quantities of 
machinery have been introduced through settlement schemes, group farming, or 
State and commercial farmg in both eastern and western Equatorial Africa. 

Engine-powered mechanization can range from a single operation of plowing 
to a completely mechanized System. There are very few examples of the latter 
in African agriculture even on commercial plantations; most hand-farmers find 
it to their advantage to utilize engine-power only when it offers a Specific 
Proven advantage. For the developing farmer ag well as for the developing 
country, mechanization must be selective and, for a long time to come, it is 
likely to be incomplete, 

Opportunity exists for the selective introduction of the most modern 
agricultural tools, machines and implements, but extreme care must be exercised 
in promoting, implementing and Supporting these sophisticated levels of mech- 
anization. Large commercial farms and plantations with adequate resources, 
management, previous experience, well-trained workers and established marketa 
are able to exploit the economies of scale associated with high-volume produc- 
tion by employing engine-powered technology in at least part of the operation. 
However, partial and 8radual mechanization is likely to remain pragmatically, 
the approach in most of Equatorial Africa. With an abundance of labor, many 
operations such as harvesting can still be performed economically by hand. 

Experiences of African governments in operating tractor-hire Services and 
doing contract work for farmers, Settlements, Broup farms, state farms and 
various special schemes have proved exceedingly costly, Much of the machinery 
obtained by developing nations under grants, loans, and technical assistance 
Programs, has been subsequently found to be unsuitable for tropical conditions, 
Maintenance and utilization has often been less than expected because local 
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capabilities of both operators and administrators have not been realistically 
assessed. Donor countries and machinery manufacturers frequently have failed 


to select appropriate equipment or to provide adequate training for its use. 


Engine-powered Agricultural Systems 


Engine-powered agriculture falls into three general categories: settle- 
ment schemes, tractor-hire services, and large-scale commercial farming oper- 
atione. Selected sites of data are: the Middle Awash Settlement Scheme, 
Ethiopia, and the Block Farm Schemes, Tanzania; the Ministry of Agriculture 
Tractor-hire Service of Ghana and regions supplemented with operational data 
from the IBRD and the Kenya Tractor-hire Service and the Masai Wheat Scheme; 
Tendaho Plantations Share Company, Ethiopia, and large-scale commercial farm- 
ing in Setit-Humera, Ethiopia, with some supplemental observation from Motoragri, 


the Ivory Coast. 
1) Middle Awash Settlement Scheme, Ethiopia 


The Middle Awash Valley Settlement Scheme demonstrates the way in which 
inexperienced farm settlers (nomadic Afars) can be introduced to the com- 
plexities of mechanized agricultural technology of large-scale cotton produc- 
tion. “There are several major considerations which favor the success of this 
settlement. The area is sparsely populated and, apart from being the tradi- 
tional grazing area for Afar herds and flocks, is undeveloped. The purpose 
of the scheme is the settlement of nomadic people in a more abundant form of 
living in an area where social pressures are increasingly antipathetic to 
nomadic traditional life. The scheme is based economically on cotton produc- 
tion in a relatively fertile area of a country with good internal demand for 
cotton. There is also the great advantage of proximity to the Melka Werer 
Research Station. The station was established several years before the 1964 
Settlement and has experimental experience on which local farming enterprises 


can draw. 
2) Block Farms, Tanzania 


The Block Mechanization Scheme in Tanzania, was established in 1964-65 to 
use government tractors economically by amalgamating cotton fields into 121.4 
hectare blocks. The scheme was based on the assumption that family labor 
could handle a larger cotton area, with mechanical assistance to cultivate 
additional land. Supervision, in the hands of the extension service, proved 
inadequate for the demanding administrative task of selecting farm blocks, 
mobilizing participant farmers and the timely deployment of tractors. Tech- 
nically, the scheme also was disappointing in the failure of crops to reach 
yield expectations needed to meet the shift from low to high operational 
costs. The type of mechanization appeared appropriate for the area, but 
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de Wilde suggests that for so large an area as Sukumaland no single line of 
approach can be considered alone as appropriate. A differentiated approach 
is required for the development of a large agricultural area, incorporating 
circumspect plenning, exploratory periods employing a pilot scheme, and estab- 


lishing several development schemes appropriate to different levels of needs, 1^ 
3)  Tractor-hire Service, Ghana 


The tractor-hire service in Ghana provides an example of engine-powered 
implements available through a government-sponsored scheme to assist hand- and 
animal-powered agriculture throughout the country. There is evidence that 
the tractor-hire service is well received by progressive farmers and economical 
from the farmer's point of view. The services offered are costly from the 
government's point of view because of the vast amount of administrative detail 


required to operate such a service. 
4) Tractor~hire Service, Nigeria 


Between 1961 and 1967 an average of 182 wheel tractors were imported an- 
nually into Nigeria. It is estimated that there are currently 1,200 wheeled 
tractors in the country but only about 400 of these are used in agriculture. 
Farmers are convinced after using the tractor-hire service that tractor cul- 
tivation improves their income despite the problem of obtaining timely service. 

There is now a move to encourage interested farmers to purchase the 
government-owned tractors. Encouragement takes the form of loans and credit 
accommodation. Also, private contractors are able to offer services nt rates 
about 2 1/4 percent below government charges, There are indications that 
tractor-hire services in Nigeria may gradually move into the hands of private 


contractors. 
5) Masai Wheat Scheme, Kenya 


Fully mechanized wheat growing was introduced in the Masai region of 
Kenya in 1967. A total of 6075 hectares of land will have been brought into 
this scheme by 1969 using 50 tractors and complementary machines. The range 
of elevation from 1800 to 2800 meters is a distinct advantage with the cropping 
season much later at higher ei-vations; the equipment can be used over much 
of the year, gradually moving to higher elevations with each successive oper- 
ation. 

So far, machinery utilization has been good. The annual average area 
cultivated per tractor is 120 hectares and it is not uncommon for a 3,7 meter 
combine to harvest 1200 hectares in one season. 





— de Wilde et af., kxpeniences with Agricultural Development in 
Tropical Africa, Vol. II, "The Case Studies" (Baltimore: The Johns Hopkins 
Press, 1967), pp. 437-443. 
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Yields on these virgin soils are excellent with 27 to 40 quintals per 
hectare. The Vertisol soils in East Africa are highly friable with self- 
mulching characteristics, but, if the soil 1g overworked, extreme pulverizing 


occurs. 
6)  Tendaho Plantations Share Company, Ethiopia ` 


Tendaho Plantations, Ethiopia, exemplifies a large-acale commercial plan- 
tation. The entire land concession, in the Danakil Desert, covers 10,000 
hectares and at present the Plantations cover 5,500 hectares. This case rep- 
resents a highly mechanized operation in the early cultivation Stage with 
hand labor reaching a peak of 7,000 workers at the peak of the Picking season 
in November. Some 20,000 quintals of cotton were estimated for the 1968-9 
8eason, which is sold as ginned cotton in the domestic market and the cotton 
seed is mainly exported. Estimated budget production coats estimated $366,830 
would be paid out in day laborers wages in 1968/9, Export potential is extreme- 
ly important, especially as Tendaho produces high quality cotton which competes 
on the world market. 


7)  Setit-Humera, Ethiopia 


In the Setit-Humera area, in northwest Ethiopia, limited oxen farning 
has been practiced for 50 years. Today, it is an area of rapid, unplanned 
economic expansion. Recent estimates show 280 farmers owning more than 400 
tractors, The area is of considerable interest to the Bovernment and develop- 
ment agencies because of its high economic potential. Some 60,000 migrant 
workers annually come into the area for weeding and harvesting. However, 
the area cannot be farmed on a large-scale economically without engine-powered 
technology, despite much use being made of hand labor. The area is famed 
entirely by individual entrepreneurs, most of whom have come in the past ten 
years. Mechanization already plays an essential role in the agricultural 
System of this area. Major problems are to understand the macro-economic 
organization in which the individual farmer is a single functional unit, and 
to determine how the already established System may be supported to maintain 
the economic Prosperity of the area. At present there is real danger that 
expansion may be stifled due to inadequate economic infrastructure. This 
Case demonstrates the critical need for an adequate infrastructure in order 
that engine-powered farming may proceed without inhibition. 


8)  Motoragri, the Ivory Coast 


The Ministry of Agriculture of the Ivory Coast initiated in April, 1965, 
a detailed study of means to achieve more rapid agricultural development. 
The primary objective was to move away from dependence on coffee and cocoa 
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by diversification with pineapples, teak, vegetables, palm oil, cotton, 
rubber, rice, sugarcane and tobacco. Since less than 10 percent of suitable 
agricultural soils are used, there seems to be great scope for clearing land 
for priority crops. Following this study, Motoragri was established as an 
autonomous operation of the Israeli Cooperative Agridev through agreement 
between the governments of the Ivory Coast and Israel. 

The work of Motoragri consists of clearing and subsoiling land for farm- 
ing; seeding and fertilizing; construction of earthen dams, secondary roads; 
and clearing new village sites. Ivoirian staff is being trained to take com- 
plete control of the operation and the 30 Israeli expatriates who manage 
Motoragri are to be gradually phased-out over a period of ten years. 

General organization is extremely efficient in management , marked by 
careful record keeping, rapid mobility of managers, and good communications 
by short-wave radio. 

Motoragri is equipped with 226 tractors, 68 cars and 7 trucks purchased 
by the Ivory Coast government; 85 percent of the tractors are operational 
at any time. This high level of performance is achieved through a system 
of regional and field workshops, and a major workshop located at the central 
station in Abidjan to handle rebushing of crawler tracks, engine and trans- 
mission overhauls, and other major repairs. About 30 percent of total work- 
shop operations are done at the central station. 

Of miuiar importance at this sophisticated level of mechanization in 
Equatorial African agriculture are the following aspects of Motoragri's 
operation: (1) the efficient operation of heavy and complex engine-powered 
machinery; (2) extremely intensive management supported by a close sytem of 
record-keeping; (3) scheduled phase-out of expatriate management to be re- 
placed by a trained indigenous management; and (4) the training of Ivoirians 
to assume responsibility at all levels of management. 


Laterite Soils and Their Management in Relation to Mechanization 


The important ecological factors of soil and rainfall were discussed 
above. After having considered different forms of mechanization, it is 
essential to consider their effect on the laterites of Africa, 

Laterite is a highly weathered material rich in secondary oxides of 
iron, aluminum, or both. It is nearly void of Lases and primary silicates, 
but may contain large amounts of quartz and kaoliorite. It is either hard or 
capable of hardening on exposure to alternative wetting and drying. True 
laterite interferes seriously with land use in Africa. Clearing small areas 
for cultivation in systems of shifting cultivation or large areas for engine- 
powered cultivation can expose the soil sufficiently for serious laterite 
hardening to occur. 
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In Africa about 18 percent of the total land surface is laterite. It has 
been estimated that 5,338,000 square kilometers ia laterite and associated soils, 
This is the most extensive type of soil in Africa after desert soils. 

Yields of most field crops are low on laterite soils but certain cropa 
such as tobacco, sugar cane, turmeric, ginger, and sweet potatoes are usually 
Satisfactory. Tree crops are good since they are well adapted to laterite 
soils: tamarind, cashew, cassava (tapioca), coconut, banana and teak. 

Three conditions are necessary for the hardening of laterites: (1) ade- 
quate supply of soluble iron either by an inflow of iron from surrounding areas 
or by an outflow of other constituents and a resultant concentration of existing 
iron; (2) alternating wet and dry seasons of approximately equal durations and 
sufficient rain during the wet season to continuously saturate the zone of iron 
segregation; (3) level land surface that has a slowly permeable layer where the 
iron concentrated horizon can develop during the wet cycle in a periodic water 
table or at least in a zone of saturation. 17 

It appears that the presence of vegetation is the only condition which can 
prevent, or reverse, this hardening process. Trees and other perennial woody 
plants are most effective. Thus, both the preservation and establishment of 
vegetation is important to break up laterite crusts and reverse the hazard of 
hardening. 2° 

Soil research must be an integral part of all mechanization research in 
Africa. Although highly weathered tropical soils have good surface soil struc- 
ture when first cleared, what happens to this surface soil Structure, after a 
period of continuous cultivation, is a critical problem. Soil capping (surface 
crust formation), resultant surface soil erosion, and the hardening of a ground- 
water laterite layer are the results reported by some researchers. Massive re- 
search efforts must be concentrated on these physical problems before continuous 


soil productivity under mechanized cultivation can be assured in Africa. 


Engineering and Technical Analysis of 
Agricultural Production Operations 


Introduction 


In the developing countries of Equatorial Africa, more and better maci.in- 
ery is needed, not as labor-saving devices, but to increase the productivity 





Piyle T. Alexander, and John G. Cady, Genesis and Hardening of Laterite 
dn Soils, Technical Bulletin No. 1282 (Washington, D.C.: U.S. Department of 
Agriculture, Soil Conservation Service, 1962), p. 4. 


lbid., pp. 5-12. 
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of the small as well as the large farmer. With the realization that for many 
decades to come, the bulk of all farmers in Equatorial Africa will be using 
hand- and animal-powered tools and practices, Chapter III is devoted to a de- 
tailed description of many of the currently-used small tools, along with im- 
proved tools and machines that could be introduced on a broader scale. 

In the process of gathering and evaluating information for this Study, it 
quickly became apparent that there was no single source of readily available 
information to present an over-all pirture of the tools and processes actually 
in use in Equatorial Africa at the present time. It is necessary, however, to 
know current developments before improvements can be planned. 

Government officials, planners and administrators must be well-informed if 
they are to deal with present, practical reality rather than theoretical goals, 
These officials must be cognizant of the improved tools currently available 
within Equatorial Africa and from other regions. For example, tools that are 
presently performing satisfactorily under similar conditions in Asis and in 
the Far and Near East may be suitable for use in parts of Africa. There are 
tools which can be easily introduced to improve present traditional practices, 
but tests must be conducted and tools evaluated under carefully controlled 
programs of adaptive research and farm trials to ascertain their suitability 
and profitability to small African farmers. The Study endeavored to ascertain 
first-hand the tools and practices in use, and to present facts concerning 
their utilization. This information is presented in Part Two of this report 
with the hope it will assist future work and serve as a basis for proposed 
follow-up national and regional research and development programs. This ac- 
counts for the detailed nature of Chapter III which represents the practical 
basis and foundation for constructively improving the essential hand- and 
animal-powered methods of production. These, in turn, will lead to utilization 


of improved mechanical power at all levels of agricultural production. 


Present Use of Power in African Agriculture 


At the present time, engine and mechanical power available to the far- 
mers of Equatorial Africa averages only a fraction (0.05 hp.) of the more than 
one horrepower per hectare utilized by farmers of Europe and the United States. 
This lack of power makes it difficult to prepare seedbeds efficiently and 
with timeliness, and to place seed and fertilizer accurately. Improved tools 
and methods are needed to control weeds, insects and disease, all of which 
can contribute markedly to improved yields and to the economic utilization of 
mechanization inputs. 

The President's Science Advisory Committee stated that, 


With one or two exceptions, an analysis of yields in 
various countries indicatea that a power level approaching 
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0.5 horsepower/hectare is needed for an efficient agri- 
culture. It is estimated that $500 million will need 

to be invested by the end of this century in plants 

for the production of farm machinery in the developing 
countries. The total capital investment, including com- 
ponents which can best be imported, will approximate 

$2 billion. 17 


If 0.5 hp./ha. is needed for an efficient agriculture, and Africa averages 
only 0.05 hp./ha., Equatorial Africa presently has only one tenth of the 


minimum requirement for efficient production. 


Receptiveness of African Cultivation to Change 


There is a large latent demand for improved tools and machines in the 
countries surveyed in Equatorial Africa. This Study and other surveys and 
research projects have shown that the small African and Asian cultivators 
are not against change, They do not request different tools because they do 
not know of anything better. Hence they continue to use what they have, 

Contrary to popular misconception, most farmers want to improve their, 
farming operations and to have improved tools with which to work. Studies 
and seminars in Ethiopia, 8 Turkey, Iran, Afghanistan, > and Nigeria, ZU for 
example, have discovered that farmers want improved tools but are unable to 
purchase them because of lack of knowledge, lack of cash, unavailability 
locally, or because of other reasons beyond their control. 

In discussing animal-powered or engine-powered agriculture in the tropics, 
it must be kept in mind that within each level of mechanization there are 
necessarily degrees of application of hand power. Rarely, if at all, is there 
what can be called a pure animal-powered system or a pure engine-powered sys- 
tem. Even' very advanced systems using large tractors, retain extensive use 


of hand power and animal power in complementary operations. 
Hand Tools 


In Chapter III, some of the more common and a few distinctive indigenous 


hand tools are described. These tools are made by artisans or blacksmiths 





VPresident's Science Advisory Committee, op. cit., Vol. I, p. 87. 

18 o Bengtsson, Cultivation Practices and the Weed, Pest and Disease Situ- 
ation in Some Parts of the Chilalo Avraja, Publication No. 10, (mimeographed) 
(Addis Ababa: Chilalo Agricultural Development (CADU), Swedish International 
Development Agency, 1969). 


central Treaty Organization, Traveling Seminar for Increased Agricul- 
tural Production, Regional Tour, (Ankara: CENTO, April, 1962), p. 160. 


in, Tiffen, Innovation and Changing Patterns of F ming in Gombe Eminate, 
Northeastern State, Nigeria, (mimeographed) (Samaru, Za.ta, Nigeria: Ahmadu 
Bello University, Institute ror Agricultural Research, Rural Economy Research 
Unit, 1968), p. 7 and Tables, 
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locally with simple equipment. In some areas the tools show more refinement 
and finih. There are improved tools within regions of Equatorial Africa 
which could be more widely distributed, as well as tools from other countries 
that offer possibilities for introduction. 


Digging and Weeding Tools 


The Nigerian short hoe, the ganma, is an excellent short-handled digging, 
weeding and all-purpose tool. Funke, extension advisor in Kenya and formerly 
extension advisor in Nigeria, says it is far superior to any hoe now in use 
in East Africa which he has seen, ^l It 1s light, well-balanced when fitted 
with the proper handle, easy to use and very inexpensive at $0.14 to $0.28 
for the metal blade and a homemade handle. This tool was designed for the 
farmer who has grown up with short-handled tools and who has developed muscles, 
preference and skills for this style of tool. Where short handles are preferred, 
the curved blade and the shape of the handle make this tool functionally well 
designed. The major deficiency is the quality of metal and its lack of temper. 

Improved weeding tools should be introduced along with planting crops 
in rows and other improved practices. Where long-handled tools are already 
in use, they can be improved by introducing pulling, pushing, or combination 
push-pull hoes which permit much faster weeding along a row. They cannot be 
used to any advantage, however, unless present cultivation practices also are 
changed from broadcasting and random mixed cropping. The introduction of a 
tool, then, logically goes along with an improved cultivation practice. An 
improved tool must have a purpose other than simply replacing another tool; 
it should permit or aid the adoption of other beneficial practices. 


Cutting and Chopping Tools 


Another tool used in every Equatorial African country surveyed is a large 
knife or machete. While most are made by local blacksmiths, farmers recognize 
the superior quality of carefully-engineered factory models made of top-quality 
high-carbon tool steel. One factory in Nigeria produces machetes, under the 
"Crocodile" name, and farmers have built up a strong preference for this trade- 
mark. As one official remarked, once they find out a product is good, they 
are willing to pay more for it; African farmers are, in fact, very brand- 
conscious. One company makes 28 differently sized and shaped models, each 
designed for a particular job with handles to fit specific use, ?* 


One tool used almost universally in Equatorial Africa for harvesting is 


—e — — — — — 


pages J. Funke, USAID Extension Advisor, Kenya, Ministry of Agriculture, 
Personal Communication, October, 1968. 


kè, Hardwich, Hardware Manager, G.B, Ollivanti, Ltd., Lagos, Nigeria, 


Personal Covmunication. 
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the sickie. Except for large commercial farms, plantations and government- 
sponsored mechanized schemes using combines, practically all graín is cut 
with this small implement. The scythe is a more efficient tool, but its 
introduction and acceptance has been very slow because it 1s harder to use, 
more costly and requires frequent sharpening. There is room for improvement 
of the sickle or for development of a harvesting tool to take its place. 

As cropping areas and yields increase, labor for harvesting becomes a critical 
problem, It may be that the scythe will never be accepted; it or any other 
tool obviously will not be unless it is demonstrated, promoted, stocked and 
made available at the local level at a reasonable price. A machete or small- 
tools factory could produce the blades locally, but the extension service 
must work with farmers in the field and train them in order to promote purchase 


and use, 


Threshing, Grinding and Cleaning Tools 


Hand threshing is a tedious process. Where animal power is not available, 
simple improved hand-operated threshers could greatly increase the productivity 
of men performing this task. Nothing has been done to help the small farmer 
with this operation. On a strictly subsistence level, the high manpower 
requirements have not been important, but they are of major concern to the 
emerging market-oriented farmer who has other ways in which he could use his 
energy and time more profitably. Small engine-powered tlireshers should be 
tested and introduced in the hand-powered farming areas where larger and more 
efficient tractor threshers are not available. 

Hand grinding is another time-consuming and laborious task. Africa can 
learn from the Vietnamese treadle mortar which increases the speed and output 
of this simple process by 40 to 60 times. With the African hand mortar and 
pestle, for example, it takes 4 hours to convert one kilogram of brown rice 
into white rice; while with the Asian treadle mortar, 12 to 18 kg. of brown 
rice can be converted into 10 to 15 kg. of white rice in only one hour. This 
marked increase is obtained through the more efficient use of a simple beam- 
action pounding lever. 

Almost as time-consuming as hand cutting and threshing is the job of 
cleaning grain in the wind. When there is no breeze, the work must wait. A 
simple hand- or foot-operated winnowing fan can markedly expedite this process 
and produce a cleaner product in a fraction of the time. Again such devices 
are being made in the Middle East and in Asia, but they have not been intro- 
duced to the small farmer in Africa. Hours of increased productivity could 
be realized with the introduction of simple hand-turned or foot-operated win- 
nowing fans. Furthermore, they could be made locally, to create new jobs and 


new wealth for developing countries. 
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Local Manufacturers and Repair of Tools 


The small hand tool is such a low-profit item that few companies want to 
get involved in its manufacture or dis:ribution. One company, the Scovil Hoe 
Company of Higganum, Connecticut, is very much interested in producing high- 
quality steel blanks for final processing in small factories in developing 
countries, ^? They have the steel and tlie fabricating facilities but need 
help in determining the best design of tools for each major crop and culti- 
vation area in developing nations. Since most African countries must import 
their steel, it would greatly expedite the production of good tools if the 
correct quality of steel and approximate shape could be stamped or forged in 
modern overseas foundries and shipped in bulk to the recipient nations. The 
important factor is to determine, by actual field trials and evaluations in 
the hands of the using farmer, what constitutes the better tool and what 
changes need to be made. 

The local blacksmith or artisan is an important link in the distribution 
and service chain. Without his approval, acceptance and ability to repair 
and sharpen the better tool, it will not be recommended by him. He also must 
be taught how to heat and work the metal or he can ruin its superior quality 
and functional advantage. While local blacksmiths have served locat needs 
with their unsophisticated tools and facilities, they can be taught new skills 
(e.g. Shambaugh developed a simple hot metal holder to permit working red hot 
material easily, safely and e£fectively),?^ There is need also for a larger 
number of skilled artisans in local villages. Often cultivators must travel 
from 10 to 60 km. to the nearest market to purchase or to repair a tool. 
Under such conditions, anything better than native stone or vood is not likely 
to be thrown away even though it may be worn out by other standards. 

It has been observed that indigenous tools are rarely sharp or ever shar- 
pened. This is purtly due to the Scrap material from which the tool is made 
and partly to the method of fabrication and metal-working techniques. A 
great deal of energy is wasted in forcing the action of-dull tools. 

L£ the hand-powered Equatorial African farmer is to become more produc- 
tive, he must have access to improved tools. He must have tools which permit 
him to do his work more effectively, not just to save labor, but to do more 


work with greater accuracy, speed and ease. 
Animal Tools 


Animal power is important to the further development of agriculture in 





“òrePaul, op. cit, 


247.3. Shambaugh, Jr., Blacksmiths Toot Holder den Chisels and Punches, 
How to Make It, How to Use 1t, Special Report 69-6, (mimeographed) (Semaru, 
Zaria, Nigeria: Industrial Development Center, 1369). 
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Equatorial Africa. In many of these countries its use and improvement tends 
to be overlooked although very satisfactory improved basic animal-drawn tools 
are available for promotion. Finally, ic is evident as with hand tools that 
farmers not only need but want better equipment in most areas. 


Limitations Affecting Animal-powered Systems 


The two studies mentioned earlier draw attention to cases, in Ethiopia 
and Nigeria,” where progressive farmers have requested assistance from their 
governments to make available improved animal-drawn equipment and “o teach 
` them how to use it. However, little attention is being given to tnis important 
area of development due to the ever increasing demands on busy staffs in agri- 
cultural departments and ministries of developing countries, 

With so much emphasis on more sophisticated equipment, such as jet air- 
craft and 60 to 100 hp. diesel tractors, there is a tendency for high-level 
planners and technical experts to consider animal power out-dated, unimportant 
or even retrogressive. Frequently, officials have little contact or under- 
standing of the problems of the small farmers. The small farmer needs help 
within the contemporary context of his environment with its limitations, and 
commensurate with his available resources and present abilities. 

The practical farmer, the real decision maker, is far removed from the 
level of government planning officials trying to help him, thus there is little 
chance for feedback, Great numbers of capable agricultural extension field 
workers are needed who can speak the farmer's language and understand his 
problems, Extension field workers must know far more than the farmer, be 
well-grounded in the practical application of proven technology, be able to 
demonstrate any recommendations with confidence, and have experience to make 
intelligent judgments in selection and application of new proven practices, 
Furthermore, field workers must be personally interested in the farmers' wel- 
fare. 

One purpose of Chapter III is to review some of the most promising develop- 
ments in animal-draft equipment and to show that considerable equipment already 
is available. Major implements are discussed which can make definite contri- 
butions to increased efficiency and productivity for the animal-powered farmer: 
animal-drawn toolframes and toolbars and their attachments; seed planters, 
cultivating and weeding implements; threshing and harvesting equipment; win- 
nowing, cleaning, grinding and processing machines; spraying and dusting tools; 
irrigation devices; and farm carts and wagons, 

There are still many opportunities to laprove further present implements 


and to develop new equipment to employ animal power more effectively. One of 


— — — —— — — 


———— Op. Cit., pp. 14-15 and Tiffen, op. cit., pp. 5-6. 
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the problems has been the relatively high cost of improved animal-drawn tools; 
vulume demand has been so low that few firms can afford to go into the manufac- 
turing business and even fewer can stay in it. This low volume creates high 
prices which can be reduced only when sufficient promotion and effective exten- 
sion work has created a demand great enough to keep a factory busy throughout 
the year. Individual governments can support such a program but support must 
be sustained over a long period of time to avoid slow and erratic progress. 

For the hand famer, primary tillage and timely land preparation remains 
the critical task. Animal power with its ability to break, turn or ridge 
larger areas more quickly, has enabled the farmer to overcome this bottleneck. 
However, if the plow is his only tool, he is immediately confronted with another 
serious problien: he cannot look after and weed by hand all the land he can 
till and plant with animal power. Weeding becomes the limiting factor in in- 
tensified expanded animal-powered production when all operations subsequent 
to tillage must be done by hand. This is pointed out by Bengtsson in Ethiopia ô 
and by Shambaugh in Nigeria.” 

Some farmers do their first weeding with the plow, in a thinning process, 
but this practice is far from satisfactory. Implements are needed which are 
Specifically designed for this purpose. While they are available and used in 
large numbers in Asian countries, they are seldom seen in Equatorial Africa 
other than in Senegal. Several types of simple, fixed or expandable hoes are 
inexpensive and suitable for the farmer who already owns a ridging plow or an 
improved plow of any kind. 


Promising Developments in Animal Implements 


For the capable and progressive farmer, a better choice would be one of 
the multiple-purpose toolframes or toolbars which are available in both wes- 
tern and eastern Africa. Manufacturing facilities have been established in 
Senegal, Kenya, and Nigeria to produce these to .s locally, but the demand was 
so low due to the lack of effective promotion and extension support that the 
factories in the latter two countries were forced to close.” Large manufac- 
turers are producing very satisfactory animal tools in France (Mouzon, Con- 


structeur A. Luzarches) and in England (John Darbyshire and Company, Ltd.). 


2 Bengtsson, op. Cit., p. 45. 


215.3. Shambaugh, Jr., Dou Complete Tillage Machine, Special Report No. 
68-8, (mimeographed) (Lagos: USAID/Nigeria, 1968), p. l. 


28 e SISCOMA factory in Senegal produced 1,229 Polyculteur models in 1963 
(but none since), and 492 Ariana models in 1967 and 1968. Heat Exchangers Ltd. 
in Nairobi state that they have only sold 100 units of the Ariana in three years. 
With regard to the Kano factory in Nigeria, see also D.W.M. Haynes, Papers on 
Agricultural Engineering in Northern Nigeria (Samaru, Zaria, Nigeria: Ahmadu 
Bello University, Institute for Agricultural Research, 1964), Section III, 
Appendix, p. l. 
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The farmers like these tools and want to buy them, but they need assis- 
tance since the cost of the implement is beyond their resources. However, 
merely providing the tools on credit is not enough. An intensified training 
program and supervised credit and farm-planning service are required to make 
sure the improved power and implement systems are put to work raising better 
crops on more land with greater labor utilization. 

With a basic toolbar, the farmer can add other attachments at very reason- 
able cost as he gradually enlarges his operations and begins to utilize other 
inputs to improve his farming system. Currently available are attachments for 
tillage, weeding, seeding, cultivating, and carting plus several harvesting 
tools for lifting groundnuts. Many more attachments could be made available, 
including an engine power unit to take the place of oxen, if and when it becomes 
economically possible for the small farmer to raise the level of mechanization. 

One of the greatest dcficieuncies in animal-powered tools is the lack of 
effective threshing, cutting and harvesting machines. The sled-mounted knife 
cutter can be made easily for cutting stalks of maize, sorghum, millet and 
guinea corn, but no satisfactory simple machines are available for cutting 
small grains, grass and forage crops. A new type reaper made in France by 
Mouzon Freres is just now being introduced in Senegal. 

In all probability, threshing machines and processing equipment can be 
more economically and efficiently operated by small stationary engines which 
can either move to the fields or be located semi-permanently. In the mean- 
time, however, the Indian Oplad type of rolling disk-thresher may be the most 
economical answer for the many African farmers now threshing with animal 
hooves. 

The development of an inexpensive and durable two-wheeled animal cart 
remains to be solved for the majority of animal-powered farmers. While re- 
search institutes, experiment stations, universities, and foreign technícal 
assistance programs have worked on designs and have built numerous models, 
no completely satisfactory cart is commercially available at a reasonable 
price. An ingenious idea was developed by Shambaugh in Nigeria, using the 
rear half of an imported, heavy-duty farm wagon. It requires only a tongue in 
place of the reach, and the addition of a locally-made box, to make a very 
sturdy, roadworthy and high-capacity cart. Surprisingly, it costs less im- 
ported than most light carts with half the capacity which have been fabricated 
locally in small numbers. 

The addition of a cart to the farmer's tools can be a very important 
stimulus in helping him to adopt other new practices. With load-carrying 
mobility, he has incentive to raise more crops and to seek out new and more 
distant markets. He can do custom hauling for neighbors to enhance his poten- 


tial cash return and acquire additional resources to purchase more of the 
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proven production-increasing inputs. In other words, a simple cart can greatly 


broaden the farmer's horizons and increase hia income. 
Engine Toole 


In Chapter III different degrees and types of engine-powered tool systems 
have been considered. Some of the advantages, features and capabilities of 
both small and large cngine-powered systems have been conpared. Individual 
tools with special relevance in agriculture in the hot, lov-clevation and 
temperate, high-elevation tropics are discussed briefly. 

Space does not permit a nore thorough coverage of the great variety of 
tools largely developed clsewhere which could be utilized ín Equatorial Africa 
by modification and adaption. How effective they are, whether changes in 
current production models must be made to adopt them to Equatorial African 
conditions and tropical climates can be evaluated only by field tríals, 
experigents and adaptive research. 

Engineers, agronowists and economists who have had considerable experience 
in the tropics can make tentative evaluations about the suitability of rachin- 
ery for usc in tropical agriculture. Careful evaluation before recommending 
that certuin machines or implezents be imported for trials and testing can 
avoid the importation of many unsuitable implements and tractors. There are 
many well-designed, standard-size machines and power units that can be used 
in Equatorial Afiica with little or no modification, when wiecly selected, 
competently operated, properly aaintained, and fully utilized in conmercial- 


type farzing operations on both large and small farms. 


Small Walking-type Tractors 


Small engine-powered systems aay be classified under two categories: 
single-axle power-tiller units and attachments of 4 to 10 horsepower, on which 
the operator does not normally ride; and larger dual-axle tractors and attach- 
ments of 8 to 15 horsepower, which are in reality scaled-down models of con- 
ventional for, tractors. There are units both smaller and larger than these, 
but this range comprises the cost popular and perhaps, cost useful sizes. 

It should be pointed out that many, if not most, small tillers and trac- 
tors arc not designed for the small farmer who must make his living froa 
tilling the soil. Most small power units made in Europe, the United States 
and Japan are cade for weekend gardencrs, for estate maintenance, or for 
special jobs such as golf course maintenance and rice paddy cultivation. They 
are not designed for rugged, hard work, hour after hour, or for operation in 
tough soila, extremely hot, dusty or muddy conditions. They generally are 
too light, too complicated and require too much attention; they are under- 


powered, are equipped with small and ineffective drive wheels. 
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Because of the shortcomings of many small power units, officials, engi- 
neers and agronomists alike, tend to conclude that the small tiller or trac- 
tor is not suitable and has no place in the small cultivator's farming program. 
There is a great deal of controversy over small engine-powered equipment, 
whether it fits into the agriculture of developing countries and just what 
kind of farmers, if any, should be using it. There is anple evidence, however, 
in Japan, the Republic of China (Taiwan), Korea, India, Iran and the Philippines, 
that certain small tractors can be very beneficial and do many tasks more 
economically than hand or animal power, especially in wet land preparation.” 
Tests also have been made by several machinery-testing units in Asia, Africa, 
and Europe on several models which have proven suitable for dry upland cul- 
tivation. 2 These units can be used for farm work and are durable and simple 
enough to stand up under severe operating conditions, with a minimum of main- 
tenance and care. 

A brief description and conclusions of tests made to determine suitabil- 
ity and performance are given on two of several tillers being sold in Equa- 
torial Africa: the Titan Merry Tiller and Landmaster L-150, both made in 
England. Modified Japanese-style models are currently being manufactured in 
a number of Asian countries including Korea, Taiwan and India, ^! There are 
some suitable small tiller- and tractor-type machines which can compete eco- 
nomically with hand and animal power when used by trained people. They must, 
however, be supported by a responsible dealer network. 

Furthermore, the successful use of these small tillers or tractors depends 
more upon the man who is using it than is the case with large power units. 
Skill in handling the machine and the desire to do a good job have considerable 
influence on the quality of work and productive capacity. Cooper reported on 
the test of the Titan Merry Tiller, "as with most motorized cultivation, the 
quality of work depended largely on the operator's desire to produce good 
results. Under the conditions encountered during the test, the machine was 
capable of producing good work. "3? 

At this stage of development in Equatorial Africa, there is perhaps a 
need to be very cautious and selective in introducing small power units 
into the agricultural sector because of the small farmer's traditicnal 
lack of mechanical background and because of the shortage of adequate sales 


and service facilities to support him in rural areas. Unless the distributor 





29 econd of Expert Group Meeting on Agricultural Mechanization, Vol. I 
(Asian Productivity Organization, June, 1968), pp. 52-54. 


30s w, Cooper, "Test Report on a Walking Tractor", Kenya Farmer, 
(reprint, June, 1966). 


3lRecond of Expert Group Meeting on Agricultural Mechanization, pp. 93-4. 
32 cooper, “Test Report on a Walking Tractor". 
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has trained staff and locally-based units equipped to back up any machine sold, 
it becomes unwise for the average farmer to invest in any tool he or the local 
blacksmith cannot repalr and maintain, 

The Singer Seving Machine Company is attempting to overcome past short- 
comings of small tractors by introducing the Landmaster tractor and attach- 
ments together with a very intensive service and farmer training program. In 
addition to their numerous established retail sales and service centers through- 
out Kenya, for example, they are providing mobile demonstration and service 
vans which travel throughout their territories. They guarantee free service 
to the farmer for the first year, and sometimes for the life of the machine; 
they will not sell a tractor unless they have access to it and can work closely 
with the farmer and service the machine regularly. ?? 

Manufacturers find this type of promotion expensive and slow, but they 
believe it is the only way to effectively introduce small power machinery 
to the African or Asian farmer, That this type of promotion is neither easy 
nor inexpensive is indicated by Stanley who states, 

We have succeeded in putting Landmaster machines into 
many countries but it has always been hard work, although 
wherever we have Succeeded there have been immediate signs 


of improvement in productivity so far as volume and quality 
are concerned, 34 


Small Four-wheel Riding Tractors 
ing iractors 


The economic value of small four-wheeled tractors has not been clearly 
established in Equatorial Africa. There are a few machines adequately designed 
which can be adapted to local conditions to perform effectively in rural 
Equatorial Africa. They must be carefully selected, tested and evaluated 
before any attempt is made to introduce them on a mass scale. This 
research needs to be done throughout Equatorial Africa and is a logical activ- 


ity of a national research program on machinery evaluation and development. 
Most small tractors cost proportionately more per horsepower than the larger 
standard sizes because of the very low production rates and the relatively 
high cost to sell and service them. The profit margin ís much smaller so the 
dealer must sell many inre units to pay his business overhead; and yet the 
cost of doing business and employing capable mechanics is the same, 
Several models are described briefly in Chapter III. The Self-Help 

Organization^? has distributed many of the Self-Helper tractors to developing 


— —— RE 


— Parkins, Landmaster Sales and Service Representative, Singer 
Sewing Machine Company, Nairobi, Kenya; Personal Communication, October, 1968. 

34g e. Stanley, Expert Sales Division, Landmaster Limited, Nottingham, 
England, Personal Communication, March, 1969, 


"Self-Help, Inc., Waverly, Iowa, 50677. 
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fo 


countries but no records of tests or evaluations were available for Africa 

or similar areas.  Boshoff, agricultural engineer at Makerere University 
College, also is developing a small tractor from standard comnercially- 
available parts which he believes vill satisfy the farmers’ need for additional 
power above or perhaps complementary to oxen power. ZP Several prototype models 
have been assembled but test reports or work studies are not yet available. 

A brief discussion is given for a few of the many small engine-powered 
threshers, shellers, winnowers, water and irrigation pumps which can play a 
vital role in the agriculture of developing countries. Not very many of these 
machines are in use today, but the outlook is very good and will develop rap- 
idly once the basic field techniques are established and the educational 
level of the next generation of farmers advances. 

The developmenc of adequate roads and communications systems along with 
associated businesses and small industry can accelerate the introduction and 
acceptance of improved equipment. The use of small engine-powered pumping 
sets for irrigation in the arid and semi-arid regions with potential year- 
round production is especially significant since they can remove the main ob- 


Stacle to production when an adequate supply water is available. 


Standard-sized Farm Tractors 








While large engine-powered equipment are likely to continue to have a 
growing role in the mechanization of Equatorial African agriculture, it will 
be a long time before the average small farmer will be able to own and operate 
his own unit. Thus, government hire services and private contractors are one 
method of expanding the facilities for primary tillage and specialized ser- 
vices to emerging farmers. Settlement schemes, cooperatives and commercial- 
types of farming operations are another method of mechanizing and performing 
collectively most of the basic tillage and cultivation operations. Depending 
upon the crop, weeding, harvesting, cutting and threshing also may be done. 
Thus, the potential impact of large engine power i8 great, but for many years 
to come is likely to affect only a small percentage of Equatorial Africa's 
millions of hand- and animal-powered farmers, 

Thus, no attempt has been made in Chapter III to discuss all implement” 
and equipment associated with conventional large-scale and specialized engine- 
powered farming. A few examples have been given indicating trends and op- 
portunities for large engine-powered machinery., In Africa, by and large, 
the selection, application, operation, care and maintenance of big machines 


lu cD 


Dun. Boshoff, Makerere University College, Faculty of Agriculture, 
University of East Africa, Personal Communication, February, 1968 and 
March, 1969. 
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will rest with a few farmers and large commercial farming operations, both 
public and private. The small farmer will take advantage of big machine and 
tractor performance where it is available and when he finds it to his economic 
advantage to do so. But, generally speaking, it will not be his concern to 
see that these machines are visely selected and efficiently utilized. 

There are many pitfalls plagueing the effective and economic employment 
of expensive high-horsepower tractors and machinery in developing countries. 
Many private contractors as well as governments lack adequate information about 
the real costs of owning and operating machinery. There appears to be a gen- 
eral tendency to borrow in order to meet current expenses. Frequently, only 
direct-operating expenses are met, thus when the equipment needs replacement, 
there are inadequate funds since depreciation costs have not been covered. 

There are many good tractors and large-size engine-powered machines which 
can be used as effectively for agricultural production operations in the tropics 
as in any other area. Some modifications may have to be made to fit them to 
special climatic conditions such as high-temperature lowland operations or 
high-altitude upland areas. 

Innes and Scott state that there are four main problems relating to the 
performance and reliability of tractor operation under tropical conditions: 
radiator blockage; fuel filtration; electrical troubles; and air-filter main- 
tenance. Furthermore, maintenance and repairs are very important in "working 
with unskilled drivers in areas of [East Africa] where constant supervision 
and inspection is either impractical or too costly, "37 A big problem is 
obtaining or training skilled, capable and responsible operators, The absence 
of tractors and machines to be repaired is the real measure of an effective 
maintenance and training program, 

There has been some inclination by foreign donor nations to neglect giving 
adequate attention to the suitability to local African conditions of much 
equipment and tools given in the form cf gifts or low-cost loans. These poorly 
designed wood, iron and steel machines would be difficult for a developed 
nation to use effectively and keep in good repair, let alone a nation strug- 


gling to develop its agricultural and industrial economy. The high cost of 


repair parts, the lack of experienced mechanics and technicians, the lack of 
supervision in the field, the improperly trained and inadequately motivated 
drivers, and the almost complete lack of soundly administered and business- 
oriented organizational structure have all contributed to the failure of 


machines and power units and the complete mechanized system. 





375. Innes and P.F.C. Scott, "Tractors Modified to Suit Eust African 
Conditions," Journal of Agricultural Engineering Research, Vol. 6, No. 1 
(1961), pp. 79-82, 
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Many African governments purchased directly froa the manufacturer through 
government-o.ned or controlled trading and import companies. They by-passed 
established importers, dealers and service organizations who normally handle 
agricultural machinery. Spare parts were not ordered in sone of these ini- 
tial dealas . As tractors broke down, they were cannibalized to keep others 
going. Such conditions of operation have added to the ordinary problems of 
using and servicing farm machinery. 

Training is very basic to the successful introduction and continued suc- 
cesaful use of agricultural machines, whether large or small, animal- or 
engine-powcred, government or privately-operatcd. A thorough program of 
training and instruction, with adequate follow-up, must be put into effect 
from the very beginning. If the correct procedure can be taught and made a 
habit, repeatedly checked and corrected as soon as deficiencies or foults 
show up, then skilled and responsible machinery operators, cechanics, tech- 
nicians and supervisors can be produced. 

That this can be done is shown by the success of Motoragri in Ivory Coast 
in training an Ivoirían staff of over 750 employees, much of the training done 
on the job. While these people are well-trained, they are still supervised 
by qualified technical staff until they gain sufficient éxperience to take 
over complete responsibility. Initial training is not enough; there must be 
progressive training to keep regular employees on their toes and to upgrade 
the best employees into positions of higher qualification and responsibility. 
There must be a continual program of employee evaluation, follow-up and cor- 
rective training or disciplinary action if the employee fails to measure up to 
established standards. Even in tne best organizations there will be sone nen- 
berg who arc misfits or incompatible workers; and for the good of the organi- 
zation they nust be released. ZB 

Another type of training program is conducted by the Narosurra Mechani- 
zation Training Scheme in Kenya. In this intensive three-conth course of prac- 
tical training, individuals are trained to be self-reliant and to go out and 
work on their own without direct supervision. Many of the graduates have 
become private contractors or are managing large farms using enginc-powered 


machinery. ^? Both of these programs are described in Chapter V, 





woe Barkol, Director General, Motoragri, Abidjan, Ivory Coast, 
Persunal Comunication, May, 1968. 


ui chael Low, Executive Directcr, Naroeurra Fara Mechanization Training 
Schene, Sabatia, Kenya, Personal Comaunication, October, 1968. 
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Analyses of Present Farming Systems 


Engineering and Technical Analysis 


Hand-powered Systems 


If agricultural production is to be improved for the small African 
farmers, they must be informed about better tools and methods of using them, 
There are several ways in which improved hand-operated tools can assist small 
farmers and extend this efficiency. The first is to increase yields and 
the productivity of relatively scarce inputs by making efficient use of 
available resources. The second is to expand the size of operations to 
utilize fully available manual labor and tools within the energy limits of 
the best known farming system. This can be done by specializing in high-value 
crops or by diversifying to spread labor and resources over the entire year 
rather than concentrating it on a Single crop or season. Farm planning and 
land use surveys can help farmers to plan adequately for coordinated use of 


their land, labor, capital and time resources, 
1) Defining Characteristics of Hand-powered Agriculture 


Accurate, detailed information about hand-farming systems is meager, 
Norman? and Gibbs“! are making an intensive study of several groups of Niger- 
ian villages to define the social, economic and agricultural factors of a cul- 
tural living unit and how it is influenced by outside as well as inside forces 
and contacts. CADU in Ethiopia is making a detailed study of hand- and animal- 
powered agriculture in Chilalo Awraja as part of an overall package development 
program. 4? 

Educators, administrators and technical officials do not know enough about 
the small cultivator, his motivations and beliefs in life and agriculture, 
Without a detailed knowledge of existing cultivation practices evolved by Af- 
rican farmers through long experience, sound recommendations for changes cannot 
be made, Before any attempt is made to introduce innovations, the existing 
cultivation pattern must be sufficiently analyzed to define both its advan- 
tages and disadvantages. 





Ar wid W. Norman, An Economic Study of Three Villages in Zaria Province, 
Samaru Miscellaneous Paper No. 19 (Samaru, Nigeria: Ahmadu Bello University, 
Institute for Agricultural Research, 1967). 


“LO. JUN. Gibbs, An Economic Study of Three Villages in Bauchi Province, 
1969. Miscellaneous Paper (Samaru, Zaria: Ahmadu Bello University, August, 
1968). 
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2) Lack of Adaptive Research and Locally Tested Innovations 


There is a paucity of locally-tested innovations recommendable to the 
small farmer of limited resources. This lack of tried and proven techniques 
has caused the extension service and agricultural advisers to make serious 
mistakes in the past in trying to tell African farmers how to improve their 
practices. Many technicians lack actual farm experience and consequently can- 
not gain the farmers confidence. There is very little communication between 
the farmer and those responsible for planning and making decisions, 

Too often the farmer has been left out. All national governments and 
regional bodies should become more aware of what is happening at the farm level 
and why farmers do some things and not others. The CENTO traveling seminars 
in Turkey, Pakistan, and Iran are a good example of regional activity designed 
to understand the farmer and his problems. "" Many of the explanations they 
found for farmers not following recommendations or adopting improved practices 
would apply in Equatorial Africa. 

Steps should be taken to provide a supply of hand-operated machinery and 
equipment for the small farmer since, for a long time to come, a substantial 
portion of African agricultural production will come from individuals who can- 
not afford to mechanize in any other way. Even if the traditional farmers are 
responsive to economic incentives, they do not search out new methods or in- 
puts. Farmers’ expectations must be changed; they must be alert, aspire and 


seek out new poselbilities to improve their position. 


3) Active Support of the Extension Service 


In an actempt to promote better tools, the extension service of the 


Ministry of Agriculture must be an active and constant participant. First, 
there must be many good extension agents in regular contact with farmers. 


This in itself is a major problem in Equatorial Africa because of the scarcity 
of trained people and the shortage of funds allocated to the agricultural ser- 
vices. Secondly, extension agents must be convinced of the merits of the im- 
proved tools and practices they are demonstrating to farmers.  Thirdly, they 
must get out into the field and work confidently with the farmer. To succeed, 
the improved tool must be an integral part of an overall program so the farmer 
accepts the tool as part of a package of improved farming practices. For 
example, to increase maize yields by more timely and efficient weeding with an 


improved hoe and row cultivation. 
4) Local Supply and Repair of Tools 


But simply developing tools is not enough -- the blacksmith must be taught 





“3Central Treaty Organization, Traveling Seminar gon Increcsed Agricul- 
tural Production, 1962; Traveling Seminar on Farm Tools and Implements, Iran, 
Pakistan, Turkey (Ankara: CENTO, 1968), and others. 
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how to make and repair them. This can best be done by bringing him in for a 
special one or two-day school. Short intensive-training programs to teach one 
specific thing are an effective way to get across new ideas, with follow-up 
visits to the place of business. This is also just as true for farmers. As 
Rigter pointed out in northern Ghana, the follow-up farm visit is the most 
important part of the training progran, ^^ 


Animal-powered Systems 


Where cattle are a traditional part of the lives of farming people, it 
is easier to get farmers to consider the use of animals as a power source since 
they are experienced in handling and caring for them. There are many instances, 
however, in which cattle herding and established cultivation traditionally are 
not combined. Cattle herders are more reluctant to become farmers than hand- 
farmers are to adopt animals for power. This sítuation exists in parts of 
Ethiopia, Kenya, Tanzanía, Nigeria, Ghana, and Senegal. 

Wherever trypanosomiasis and other serious diseases have prevented cattle 
raising, farmers have been forced to farm by hand. In these areas, as soon as 
the disease problem is minimized, the whole concept of animal use and care can 
be introduced along with the techniques of handling and harnessing of animals, 
At the same time, improved cultivation practices must be introduced to permit 
the efficient and profitable use of animal-powered tools. 

In French-speaking western Africa, comparatively few mechanized schemes 
operate outside of large-scale export-oriented plantations and farms. One 
scheme in the Central African Republic is reported to be quite successful: 
tractors for the heavy breaking, clearing and leveling; ox plows for planting 
and cultivating; and hand-work for the remaining tasks are used because there 
are few draft animals in the region, ^? In other parts of Francophone western 
Africa, the accent is mainly on animal-drawn equipment. Even with animal power 
mechanization is profitable only when applied to export crops. 

Considerably more emphasis has been placed on the utilization of improved 
animal-drawn implements during the past decade in western Africa than in 
eastern Africa. Senegal has made the most progress, supported by a quasi- 
government organization, Société Industrelle Senégalaise de Constructions 
Mechaniques et de Matériels Agricoles (SISCOMA), to produce improved tools and 
implements. All extension recommendations are backed up by a long-term inten- 


sive experimentation and research program at the Bambey Centre for Agronomic 





Ab karel Rigter, Agricultural Missionary, Christian Service Committee, 
Garu, northeastern Ghana, Personal Communication, November, 1968. 


Les, Gordon, AID Operations Officer, Bongui, Central African Republic, 
Personal Communication, January, 1968. 
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Research. The Bambey Centre has made many studies on practical aspects of 
agricultural mechanization and has developed, tested and approved implements for 
the emerging commercial-minded small farmer, ^? 

Much of the success of Senegal's increased agricultural productivity results 
from the formation and training of a large field staff of so-called "popular- 
izers" who work closely with the Bambey Centre and take the Improved practices 
and equipment to the farmers. They work intensively with each farmer, help 
him apply a whole package of ideas and improved inputs, according to his specific 
local conditions and present stage of development. 

Increased power and improved tools are an important part of this program, 
but it must be noted, the tools are made a part of an improved farming practice 
and are necessary to put it into effect. Each tool has a specific purpose and 
is designed for multi-use. Plowing and deep placement of fertilizer demonstrate 
how animal-power and a fertilizer unit made the production of groundnuts com- 
mercially feasible. In addition, each new practice is thoroughly tested on 
farms and in pilot projects before being promoted on a large scale. 

Such a program of research and promotion for farners is a gigantic task 
for any developing country. The large number of men and resources used by 
Senegal in implementing the current program to increase groundnut and millet 
production are cited in Part Two, Chapter V. It is a tremendous job to intro- 
duce proven techniques with new power and associated tools at the farm level. 

If this is true for the relatively simple animal-powered system, how much more 
difficult it is to teach hand-farmers wich low education levels and skills all 


the fundamentals of advanced engine-powered systems. 
1) Limitations and Constraints 
Some limitations and bottlenecks affecting the use of animal-power are: 


a) Cultivation Practices Simplified methods of seedbed preparation 





in Ethiopia for peas and flax with indigenous breaking plows often result in 
poor yields. Fields so planted are plowed only once and Bengtsson Says this 
method explains the heavy weed infestation in these crops. “7 
To prepare a reasonably weed-free seedbed with the native ox-drawn breaking 

ard, the Ethiopian farmer must plow the land three to four times. This takes 

a tremendous amount of time, and Bengtsson's study showed a single farmer 
cultivating about 8 ha. spends about 390 hours plowing, if he does all the 

work alone. Since no work is carried out on holidays or Sundays, the plowing 


takes two months, 48 





“Ou, Monnier, Chief Technical Research Ofiicer, Mechanization, Bambey 
Centre for Agronomic Research, Thies, Senegal, Personal Communication, July, 
1968. 
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Nor is broadcast seed by ox-plowing efficient, It not only takes con- 
siderable time, but covers much of the seed too deeply or not enough. Bengtsson 


suggests this practice explains the excessive seed rates used, ^? 


b) Weed and Management Problems Plowing practices of farmers in 


central Ethiopia are restricted by tool, weather and management limitations. 
All plowing is carried out with the simple ox-plow with a bent wooden beam and 
a small iron point. It is inefficient, breaking open only the surface of the 
soil and lacks turning properties. Weed growth is checked very little and 
many farmers regard plowing as just a means of seedbed preparation. Although 
farmers admit they have many weeds in their fields, only one-fifth of them 
regard plowing as a weed control method. Hand-picking or cutting of tall 
weeds is seldom carried out between plowings. 

To facilitate the work of the oxen-pulled plow, most plowing is carried 
out according to the rains. Ninety percent of farmers start to prepare the 
Soll when it is moist enough or after approximately one week of rain. Never- 
theless, the remaining 10 percent say they do not need rain in order to start 


plowing after harvest, 2) 


C) Condition of Animals The condition and strength of oxen have a 
major effect on the depth and quality of land preparation. After the long 
dry season the oxen are in their poorest condition, when they need the most 
strength for the first plowing. If soil preparation for certain crops must 
begin while the ground 1s still dry and hard, the amount of land that can be 
prepared will be limited, the depth restricted and the farmer may be forced 
to plant other crops. 

The poor condition of draft-animals, fed on bruised straw during the 
dry season, may be a major obstacle to improved animal cultivation using im- 
proved implements. This restraint could be eliminated if natural grasses now 
growing in many of those areas were cut while Still green with the scythe or 
some other improved tool, and made into hay to provide food. for the animals 
during the dry season. Straw bruising would lose the importance it now has 
for animal feed and allow the adoption of improved threshing methods and ma- 
chines. 

Care should be taken to develop better draft animals rather than to 
modify implements to fit poor power sources. In many instances, better feeding 
and care of existing draft animals can be complemented by improved yokes and 
harness and adequate organization of the field work. 


— ti ee 
AP ibid. p. 7. 
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d) Tropical Diseases of Livestock In the tropics disease is a 
major constraint. Large parts of Africa south of the Sahara have a particular 
problem caused by the tsetse fly. Winter and others point out that the tsetse 
fly prefers shaded areas in the forest or bush, While it will go out to feed 
on animals in the open, it usually attacks animals when they come into the 
shade to rest. It occurs 1n areas up to 1,840 meters elevation at the equator, 
but usually avoids areas with less than 76 cm. of rainfall," 

Trypanosomiasis is the common name given to a group of díseases of ani- 
mals and man transmitted by the tsetse fly and usually fatal to horses, mules 
and donkeys. Tsetse also carries the infectious disease called sleeping sick- 
ness in man. Tsetse flies can be controlled by clearing trees and bush com- 
pletely or selectively. It prefers tall trees over three meters high with 
dark bark, and usually rests below the two-meter level. The small farmer can 
protect his animals by providing suitable shade for them in clearings away 
from the forest or high bush. Other serious diseases are rinderpest, con- 


tagious bovine pleuro-pneumonia and east coast fever. 


e) Land Tenure Most forms of non-owned land tenure tend to dis- 
courage the optimum use of resources,  Theoretically, the exception is owner 
occupancy but even this form of land husbandry has disadvantages. So much 
of the small farmer's capital is locked up in his property that he is usually 
short of working capital. The owner-occupier is forced to farm at a low in- 
tensity or rely heavily on loans to finance his operations. In Ethiopia, 
Leander found none of such farmers heavily indebted, ^? 

Where sharecropping is practiced, the basis for payment tends to dis- 
courage the optimum use of resources, particularly purchased inputs. Tenants 
Share no concern about optimum combinations of resources for maximum profit 
from the land; they want to maximize their own returns for labor. Leander 
observed this occurs when tenant's marginal costs equal one-half to two-thirds 
of the total marginal returns. Therefore, the application of labor and capital 
to land is less intensive than under owner-occupancy. One important con- 
clusion may be drawn: sharecropping coupled with limited operational resources 
has an adverse effect on the intensity of production and upon the farmer's 


incentive. 





527 7. Winter, The Introduction of Faun Power gon Increased Agricultural 
Production on Small Farms in Tropical Africa (unpublished M.S. thesis) (Ithaca: 
Cornell University, 1966), pp. 44-48. 


93 are Leander, A Case Study of Peasant Farming in the Digelu and Ye£oma 
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Ababa: Chilalo Agricultural Development Unit, Swedish International Develop- 
ment Agency, January, 1969), p. 94. 
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f) Acceptance of Improved Tools or Techniques Another limitation 
concerns the willingness of farmers to adopt new ideas and tools. Often, they 


do Lat know about improved tools but sometimes they have not been convinced of 
advantages over present tools or methods. Haynes mentions a case in northern 
Nigeria in which implements had been tested and recommended to farmers but 
were not accepted. The introduction of new implements has not proved easy in 
the past. Three examples of satisfactory implements not adopted by farmers are: 

l. Rhino Cultivator. It had been found possible to control weeds with 
the cultivator, coupled with reridging at Samaru as long ago as 1954. The 
Rhino was on the standardization list by 1957 but few were sold. It is no 
longer available. 

2. Super Eco Seeder. Tested in 1957 and manufactured in Kano, the high 
price of $70.00 probably prevented sales of this drill. 

3. Annular groundnut-lifter. Tested in Kano and recommended in the pro- 
vincial newsletter for local conditions; few, if any, were sold. 

Haynes says the lack of published information and effective promotion was 


a major factor limiting adoption." 


g) Effect of Intensive Cultivation on Land Erosion Soil and water 





erosion are serious problems in Equatorial Africa. High intensity rainfall, 
steep slopes, erosive soils, rapid decay of organic matter, arid condit: ons 
for part of the year, over-grazing and intensive cultivation all contribute 
to damage to soils. The use of improved animal-tools and increased power make 
it possible to farm more land, to cultivate it more deeply, to pulverize it 
and to expose it to erosive elements. As Hopfen points out, in arid zones 
where organic matter decays rapidly, the humus in the soil is practically non- 
existent. Under such conditions the top soil turns into a crust during heavy 
rainfall or irrigation and impedes soil aeration and plant growth. Heavy iis 
when tilled have to be left in a cloddy condition. In tropical rain-fed regions 
good tilth is best maintained by a cover of natural vegetation. ^^ 

The prevention of erosion by suitable cultivation practices depends to a 
great extent upon the pattern of the rainfall. In some areas the early storms, 
just before or after planting, are more intense than during the later rains 
when an adequate ground cover has been established. Haynes stated that flat 
planting on broadlands appears to be unduly risky in such areas. The practice 
of planting on the flat to reduce seeding and initial weeding problems, and 
subsequently ridging-up the crop during cultivation is well-suited to areas 





p.m, Haynes, Ox-dravn Implements (mimeographed) (Samaru, Zaria, 
Nigeria: Papers on Agricultural Engineering in Northern Nigeria, Ahmadu Bello 
University, 1964), p. 6. 
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where the early rains normally are not intense and for crops which do not pro- 
vide good cover. Tied or alternately tied ridges laid out by the string method 
to impound water may be the safest form of cultivation where early rafustorms 
are intense or unpredictable, or where expected rainfall exceeds the infiltra- 
tion rate of the s011, 


2) Need for Improved Animal Tools and Practices 


The traditional animal-powered farmer has been farming with tools and 
methods unchanged for centuries. The breakinr-plow or ard is still the most 
widespread animal-drawn implement in northern and eastern Africa. Different 
types in use today are strikingly similar to the most ancient of ands illus- 


trated on old Sumerian seal cylinders.?9 


a) Better Land Preparation In Ethiopia, Kenya, Ghana and Senegal, 
as well as in most parts of Equatorial Africa, there is need for improved plow- 
ing and seedbed preparation. With animal power the soil surface is only 
scratched by the plow and there is little weed control. Field investigations 
of the plowing depth show only 12-15 cm. as an average. This can be deepened 
by a more efficient plow requested by a majority of farmers. Another simple 
innovation would be a leveling implement to get an acceptable geedbed, ^" 

Caution must be exercised in selecting and modifying implements, however, 
for different soil and rainfall characteristics, The breaking-plow is very 
suitable for semi-arid tropical zones where cereals, oil seeds and legumes are 
grown in soil moistened by seasonal rains. In sandy soils and under dry con- 
ditions, it has the advantage of leaving a trash layer on the surface without 
uprooting perennial plants, thus preventing excessive wind erosion and soil 
drifting. Attempts are being made to further improve the ard breaking-plow in 
semi-arid zones, instead of substituting the moldboard plow for it. 


b) Better Training The proper control and utilization of animals 

for power depends upon good training and harnessing. In areas where animals 
are not commonly used for draft work, or where cattle herding and livestock 
farming are not traditional, both the farmers and the animals need to be trained. 
In Gambia, Senegal, Niger, Tanzania and Kenya, special ox-plowing schools were 
established in the late 1950's and early 1960's, although some in Ghana and 
Nigeria date back to the 1930's. 

With independence, rising expectatione and political promises favored 
tractor mechanization and many countries de-emphasized animal power and lost 
interest in ox-plowing. In Gambia, Niger and Senegal, the animal training 





37 Haynes, Ux-drawn Implements, p. 18. 
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Schools have been largely inactive, but now there is interest in re-establish- 
ing or opening new schools in Ghana, Nigeria, Tanzania and Ethiopia. Tanzania 
favors a mobile ox-training unit, instead of a fixed school, to go directly 

to the farmer to avoid subjecting his oxen to possible disease at a permanent 
center, 

Regardless of the approach, if hand-farmers are to be encouraged to use 
animal power efficiently and economically, they must receive special training 
and guidance in this technique. Animals must be carefully selected and trained, 
properly cared for and fed, and fully utilized. The extension service, loan- 
ing agency, veterinary service, machinery suppliers and training schools must 
all have a part in developing and conducting the educational program, the 
implementation program and the follow-up program on the farmer's land. As 
an example, Braun recommended a system for the purchase of oxen and training 


of animals and Famars, 2" 


c) Better Farming Practices To justify any increased investment in 
improved tools, power and inputs, the animal-powered farmer must be a more 
efficient producer. As Cooper emphasizes, 

An extremely high-standard of farming must complement 

the high cost of mechanization. In terms of relative pro- 

ductivity [emergent mechanized farmers] must be 2 1/2 to 3 

times higher than the unskilled farmer.6l 

The acquisition of more land or the acceptance of responsibility for 
working or cultivating additional land imposes new problems on the emerging 
farmer already faced with finding new or better use of his new power capabil- 
ity. In developing new implements for Nigerian farmers, Haynes mentions some 
stumbling blocks encountered by African farmers: 97 

l. Mechanization commonly brings about a reduction in yield but a marked 
increase in output per worker per hectare, It is essentially extensive and 
usually applied to cash crops. One factor common to subsistence .nd cash crop 
farmers is low productivity. 

2. The animal plow-farmer in most cases is still dependent upon hand 


labor for planting, weeding and harvesting so he may not be able to reach the 


full potential of his improved implements and power. 
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3. The management problem can be reduced by providing implements which 
reduce peak labor requirements to a common level, 

4. A simple weeder is needed to supplement the existing plow. Although 
weeding is not the most labor-consuming task, first weeding of cash crops co- 
incides with cultivation and planting of late crops, creating a labor short- 
age which can be a major constraint. 

5. Simple implements are needed for harvesting, since it demands more 
labor than weeding. In areas where soils dry out rapidly after rains cease, 
farmers have difficulty digging groundnuts. A groundnut lifter is a third 
improved tool needed by the (Nigerian) animal-powered farmer. 

6. Multi-purpose implements are intended for new mixed-farmers who lack 
plows with attachments for tie-ridging, dry ridge-splitting, weeding and lift- 
ing. The farmer can expand his operations with little additional investment. 


d) Supporting Services Once the subsistence farmer begins to pro- 
duce for market and to purchase inputs to increase his productivity, he becomes 
less self-sufficient and more dependent upon the help and supplies of outside 
sources. In changing to animal-power, or in improving present ability to 
utilize it, the farmer needs to know what he can do for himself and what is 
best done by others. Winter suggests new services, supplies and assistance 
are needed to complement improved animal-power capability. 9? 

l. Farmers need a source for better harnesses and yokes, and advice 
on correct fitting and hitching. 

2. They need access to harness repair shops and local craftsmen who 
utilize the best available materials. 

J. A government veterinary service is necessary for the prevention of 
disease and for vaccinations, including dipping facilities. 

4. A source of salves and medicine for disease and parasite control 
must be available, sold by people who know how to prescribe and administer 
them. 

5. A blacksmith with new skills is needed in the local village to main- 
tain and sharpen equipment and to produce replacement parts. 

6. The extension service must provide training schools or short courses 
for local businessmen on modern agricultural practices and needs, 

7. The small farmer must have local support sources since he cannot 
afford to depend on a supplier in some distant city. 

For all present hand- and animal-powered farmers in Equatorial Africa, 
much can be done to improve farming ability by increasing their knowledge of 
the basic sciences of agriculture. This can be done by helping them to de- 
velop new skills, by providing essential government services beyond the limits 
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of their own resources, by creating favorable markets and incentives and by 
considering their needs and wants. In summary, Fischer suggests a policy of 
mechanization in Ethiopia that could apply to all of Equatorial Africa. 

« » » Guided mechanization, including the introduction of 

improved hand tools and an:aal-drawn equipment, represents 

a feasible opportunity to achieve significant results. One 

problem is that of capital. It requires a monetary input 

few Ethiopian farmers have available. Ways must be found 

to finance the purchase of machines. Likewise, facilities 

and manpower for maintaining equipment are inadequate. Ser- 

vice of the type taken for granted in a developed country 

is unavailable . . . Ethiopian farmers have had almost no 

experience with mechanized equipment. Cooperative machinery 


pools or maintenance stations may help solve many of the 
problems. 


Engine-powered Systems 


There is much evidence to show that jobs such as seedbed preparation, 
general cultivation, plant protection, harvesting, threshing, water-pumping 
aud land reclamation can be done more efficiently and with greater produc- 
tivity by using tractors and engine-powered machinery rather than traditional 
hand-operated or animal-drawn implements. The question is not whether engine- 
powered machines are to be introduced into the agriculture of Equatorial 
Africa, but rather the nature, degree and pace at which they can be intro- 
duced to maintain economic efflciency in the farming system without causing 
serious social dísruption, 

Gradual and selective mechanization fitted to the needs and resources 
of each country will permit the necessary time-lag for sufficient progress 
to be made in development of small local industries. Surplus farm labor then 
can be absorbed into new and more attractive employment, When mechanization 
is chosen to complement, it also creates nev labor opportunities in agriculture 
by bringing new land into production and by increasing overall crop production 
and yields. 


1) Obstacles to Mechanization 


Among the many problems in introducing tractors and other engine-powered 
machinery into Equatorial Africa, one of the most troublesome is the small- 
sized holdings of individual farmers, This problem is aggravated by extreme 
fragmentation of holdings into odd-shaped, individual plots where it is dif- 
ficult to operate larger engine-powered equipment efficiently and economically. 
Frequently, there is no access to individual plots and many areas are not 
properly cleared or drained. 
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Another obstacle to mechanizetion is the high initial cost of machinery 
beyond the means of all but a few farmers. This is directly related to the 
lack of credit facilities in rural areas. Inadequate service and repair 
facilities in local communities, limited centers for the distribution of sup- 
plies, and intermittent seasonal working periods all contribute to higher 
hourly costs of operation. Inadequate or non-existent facilities for the 
maintenance and the manufacture of spare parts is another major problem. 
There is also a scarcity of trained technicians and skilled Operators to 
service, overhaul and operate all types of engine-powered machinery. 

The overall picture is one of continual Struggle against rising costs. 
Whatever form of mechanization is adopted, it is apparent that the power- 
farmer will have to be efficient if he is to survive. He will need to use 
every possible means to raise his yields per unit area to cover increased 
costs. The target, as Haynes emphasizes, 

must be mechanized farming -- an integrated system of machines 

to increase productivity of the men and good farming to increase 

the return from Northern Nigeria's resources and to conserve 

these resources for the future. 

A broad view of various forms of engine-powered systems and the com- 
plementary tools has been presented. How they can best be utilized to assist 
the African as well as the expatriate farmer in advancing farming practices 
and developing a viable agricultural economy is a problem facing all developing 


countries. 
2) Contract Hire Services 


In establishing a contracting tractor-hire service, improper selection 
and application of machinery must be avoided. There has been insufficient 
experience with machines and machine systems under varying local conditions, 
Time is needed to test and evaluate equipment. Adequate funds and personnel 
are essential to carry out field trials and do adaptive research. The avail- 
ability of equipment has been limited, and often purchases are tied to the 
source of finance. Furthermore, the lack of adequate and competent personnel 
to supervise field operations is a serious handicap. Due respect for the 
care of tractors and machinery will come only with thorough control provided 
by adequate supervision. 

Long-range economic development of mechanized agriculture demands a 8yB- 
tematic approach to selection, application, use and maintenance of tractors 
and mnchinery. Integrated machine cultivation practice trials in the field 
should be an integral part of all accelerated programs to increase crop 


production. 
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In evaluating tractor-hire services Downing points out, "the density of 
blocks is more important than the size of the fields." In areas farmed by 
small farmers, he recommenda a density of at least 60 hectares in a l.6 
kilometer radius with a minimum field size of 1.6 hectares. Smaller plots 
can be cultivated economically by medium-size tractors provided, the plots 
are dense and regular in shape. For extensive cultivation as found in the 
Masai Whcat Scheme, a minimun field size of 80 hectares, or a total of 200 
hectares within a 3.2 kilometer radius is suggested. The fields must have 
reasonable access to avoid high operation costs and unprofitable delays. 

To achieve any degree of efficiency in contract work, all field operations 
must be planned in advance for maximum utilization of the existing capacity of 
equipment and men, Fields must be laid out to reduce idle time in turning 
on the ends, in maneuvering around obstructions and in wasting time trying 
to define field boundaries. The block fields must be in regular rectangular 
Strips for greatest efficiency. The farmer or manager must be on the site 
during the performance of the work to give necessary assistance, to approve 
the quality of work and to certify the time taken on which all hourly charges 
are based. 

Adequate clearing for mechanized operations is seldom done unless the 
contractor insists. Trees, bushes, stones and excessive trash should be satis- 
factorily removed. Any c%struction which remains must be c!..,..y marked and 


pointed out by the farmer. Land improperly cleared should be bypassed. 


a) Organization for Contract Service The same factors which make 
the operation of a government hire service necessary also make its long-term 
economic operation very unlikely. Government service cannot be based on 
purely economic factors but must weigh the subsidiary benefits against the 
direct financial cost and any reasonable loss which may occur. The biggest 
problems are generally personnel, organization and management. Downing states: 

Experience has shown that the primary pitfall stems from 

the tendency to extend such a service beyond the capacity to 

organize and manage. [They have found in Kenya that] 50 units 

is within their capacity to provide reasonable management under 

difficult logistic and communication systems which exist in 

developing countries. Should a larger service be required . . . 

it would have to be on a regional basis consisting of smaller 

autonomous units. 97 

Additional units should be created to absorb excess demand generated by 
a well-run original organization and not simply based on arbitrary estimate. 


À government should start with reasonable sized pilot projects. When these 
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have been successfully implemented, new projects can be started in adjacent 
areas where sufficient demand has been built up and the farmers! confidence 
has been gained. Experienced personnel can be taken from the original project 
to form a cadre for the new unit. This also would provide opportunity for 


advancing qualified personnel to more responsible positions. 


b) Incentives for Contract Hire Employees One of the greatest 


obstacles to increased productivity is the absence of mobility and incentive 
within the government wage structure. In Kenya, there are only two classifi- 
cations of field staff, tractor driver and contract supervisor. 9? With the 
tractor-driver's position ani wages fixed, and with such a large gap between 
them and their supervisors', there is no way to provide incentives to drivers 
who do a better job. Emphasis today is placed on obtaining a road license 
and not upon the ability to operate a tractor and its implements in the field. 
The same problem exists in government hire services in Ghana, Nigeria and 
Tanzanía. In place bf the present single grade of tractor-driver, Downing 
proposes a five-step employee classification to provide for merit advancement 
and increased efi ‘iency. 

l. Farm machinery operator trainee: salary $252 per year; 

2. Farm machinery operator: salary from $456 to $700 per year; 

J. Senior farm machinery operator: salary $661 to $896 per year; 

4. Farm machinery technician: salary $840 to $1,232 per year; 

5. Farm machinery manager: salary from $1,960 to $2,970 per year. 


Other forms of incentive pay also may be used to increase operator ef- 
ficiency and machinery care. Starnes, in Ghana, suggested a flat base pay of 
$0.65 per day for tractor operators and a bonus of $0.25 for each hectare 
cultivated. Each operator would submit his work record through the supervisor 
and collect the bonus on every hectare of work each month. The accumulated 
bonus would be divided equally among operators and mechanics, and adjustments 


would be made for time off and lack of attendance. 5? 


3) Servicing and Repairing Machinery 


Implements and machines differ from the majority of farm supplies in 
that their sales imply and require a continuing commitment on the part of 
the seller to provide spare parts and service for many years after the ori- 
ginal purchase. Although the situation differs widely from place to place, 
the high cost and difficulty of servicing and repairing machinery are of 


* 
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general concern throughout Equatorial Africa. Costs and short supplies affect 
hand and animal tools as much as engine-powered equipment; frequently it is 
more difficult to get repairs for a hand-decorticator than for a tractor. The 
difficulty of obtaining adequate service is often cited as a limiting factor 
in the expansion of mechanization at all levels. 

Neither the government nor the main distributor can be expected to wholly 
provide the broad network of service facilities which will be needed as mech- 
anization expands into small rural communities, Only a village farm-equipment 
specialist can hope to provide the service needed in rural areas. Governments 
must take responsibility to determine how village blacksmiths, artisans and 
others can be trained, established and supplied to alleviate this serious 


problem. 
4)  Standardization of Machinery 


The decision to buy a single make of tractor is not necessarily valid be- 
cause the rapidity of model changes necessitates stocking large numbers of spare 
parts and giving specialized training to operators and mechanics, Furthermore, 
tractor standardization prevents desirable competition among agents and may 
reduce after-sales service and technical assistance. While standardization 
can be controlled by legislation banning imports or imposing restrictive tar- 
iffs on unapproved brands, this type of control can slow development. Adequate 
control can probably be achieved by voluntary testing and approval, and by 
restricting the granting of loans to specified types or makes of machinery 
supported by proven and demonstrated service and training programs. 

The establishment of an implement factory should not necessarily mean 
the imposition of protective tariffs. Experience in Asia and other areas 
shows that such industry often produces machinery which is even more expensive 
than imported models. Overly protected locally-made equipment is often in- 
ferior in quality and needs healthy competition to force improvements and to 
reduce costs; otherwise mechanization is retarded. 

Some countries havc standardized on one make of wheel-tractor and have 
experienced great difficulty in obtaining spare parts and in keeping the units 
in good repair. Rational selection is the best form of standardization and 
includes these considerations: 

l. The restriction of purchases to two or three competing makes, so that 
sufficient volume of sales will enable responsible agents to supply efficient 
and complete service for their machinery; 

2. All implement linkage specifications standardized, including charac- 
teristics of hydraulic lifts, so that implements can be used with different 
models and makes of power units; 


3. Within any given region or project underwritten by a government, the 
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Same model of tractor be used, insofar as possible, to facilitate repair, 
stockage of parts and training of operators. Ol r tractors can be reassigned 


to concentrate them for more efficient utilization and management. 
5) Testing and Evaluation of Machinery 


There is urgent need for adaptive research to select, modify, redesign, 
field test and issue unbiased reports on the suitability and performance of 
agricultural machinery. Planning staffs in ministries, teaching and advisory 
groups and extension agents all require advice on the technical and economic 
suitability of new, improved and conpeting types of equipment. Facilities con- 
nected with the universities are probably the most suitable sites for testing 
and comparing implements. However, no university should be expected to involve 
itself in adjudicating the merits of different commercial equipment. 

For effective testing and consistent standards supported by adequate staff 
and funds, such research centers should be limited to larger countries and 
should perform work for regions of similar ecological and cropping programs. 
There is no need to duplicate large tractor performance tests made by the 
University of Nebraska, the National Institute of Agricultural Engineering'or 
similar bodies, The true costs of using tractors and machinery should be deter- 
mined for specific systems and reliable recommendations made available to far- 
mers through informed extension agents. 

The working party of agricultural engineers in Nigería suggested that 
agricultural engineers in developing countries should undertake; "? 

l. The adaption of machines to specific conditions; 

2, Comparisons of mechanical methods; 

3. Development of methods of soil amelioration and conservation; 

4, Investigations to determine cost and efficiency; 

5, Specific recommendations for selective mechanization of local projects 


and activities. 


Àn Economic Analysis 


Analytical Approach to Farm Systems 


` The cases which have been described form the basis for analyzing what 
changes are likely to occur as new forms of mechanization are introduced into 
established systems, and to discern factors which favor or limit thís process. 
Mechanization may be used as an analytical concept by categorizing forms of 
mechanical assistance into hand-, animal-, and engine-powered farming. These 
three categories, when transferred into the dynamic process of economic develop- 


ment broaden into six manifestations: 





JÜnaynes, Papers on Agricultural Engineering in Northern Nigeria, p. 10. 


1-51 


l. Three processes of improvement: in hand-powered implements, in 
animal-powered, and in engine-powered implements; and 

2. Three processes of transition: from hand-powered to animal-powered 
technology, from animal-powered to engine-powered technology, and from hand- 
powered directly to engine-powered technology. (A reversal of the process 
is also possible.) 

An important principle in the analysis of agricultural mechanization is 
that of appropriateness. The case for reverting from tractor power to oxen 
illustrates this principle. Following a careful analysis, the Tanzanian 
government has concluded that engine-powered technology was inappropriate to 
the current level of development in most of the economy. Thus, it should not 
be assumed that there is a natural sequence from hand power through animal 
power to engine pover. There are situations where conditions are appropriate 
to eliminate the animal power stage by moving directly from hand- to engine- 
powered technology. In other situations no shift is appropriate. Thus, forms 
of power cannot be arbitrarily related to levels of economic development. 
Rather, the developing economy should attempt to realize optimal returns from 
total available resources, employing levels of power appropriate to the eco- 


nomic situation. 


General Economic Considerations in the Introduction of Mechanized 


Agricultural Technology 


The following considerations are relevant to an analysis of both animal 
and engine-powered systems to determine the level of mechanization most appro- 
priate to an economic situation and its likely impact on the local and national 
economy: 

l. The level of mechanization already achieved in the system; 

2. The level of management skill necessary to maintain the established 
level of mechanization, and in order to achieve a possible new level; 

3. The function of innovation and entrepreneurship; 

4, The economies of scale currently being experienced and potential 
economies; — 

5. Infrastructure to develop a commercial economy; 

6. Export potential to domestic and world markets; 

7, Impact of the operation on the local economy; 

8. Scope for new forms of mechanization. 

In all the systems under observation it is essential to consider market 
outlets for surplus production. Mechanization has as its major objective the 
improvement of agricultural productivity, and farmers become involved in pro- 


duction of surpluses which must meet the additional costs of mechanization, 
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Thus, the surplus must be saleable. Where effective demand is inadequate, 
programs to introduce a new form of mechanized technology should not be 
implemented. 


Hand-powered Agriculture 


An analysis of hand-powered farming systems with a view to introducing 
a mechanized agricultural technology must give careful attention in the 
extant systems to the level and scope for mechanization, innovation and entre- 
preneurial activities, and infrastructure. However, in addition to considering 
the potentials of mechanization within the established system, it is important 
to consider the potential for introducing an outside commercial enterprise to 
act as an economic catalyst. A large commercial enterprise can facilitate the 
establishment of market infrastructure, especially 1f its introduction is con- 
ceived as part of a larger plan developed in cooperation with national economic 


planners. 


Animal-powered Agriculture 


Economic considerations relevant to animal-powered agriculture are simi- 
lar to those for engine-powered agriculture with the exception of the level of 
employment which is no longer meaningful because animal power operates in the 
framework of small family farms. Other factors that must be considered are: 


low-cost structure of animal-powered operations, and lov cost to the national 


economy of introducing animal-powered technology involving little or no for- 


eign exchange. 


Settlements 





Settlement schemes involve the additional social dimension of establishing 
people in new locations. The above considerations remain relevant and in ad- 
dition it is important to consider the general econemic framework into which 
the settlement must be integrated in order to market its produce, and the 
microeconomy of the settlement scheme itself. 

Important economic considerations, for example, in the Tanzanian Block 
Mechanization Scheme are: appropriateness of the type of mechanization; 
management; economies of scale; the facilities for planning and training; the 


shift in cost structure; and substitution versus supplementation of hand labor. 
Tractor-hire Services 


Important factors of any tractor-hire service are: effectiveness of 
management; operational skills of drivers, operators and mechanics; and the 


importance of incorporation into an integrated program of mechanization, 


Associated Social Considerations 





In all these stages of analysis ther2 are also associated social problems 
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relevant to the problem of agricultural mechanization. In the case of large- 
scale farming, the major social problem emerges out of the necessity to accom- 
modate large numbers of migrant workers in temporary communities. The social 
problems of settlements are numerous and involve changes in the way of life 

of a group of people. Social problems created by the employment of tractors 
relate to a shift from uneducated skills to educated skills, The associated 
Social problems emerging from hand-labor economies are related to the relative 
isolation of village communities; the suspicion shown toward farmers who tend 
to prosper excessively; the ties which people feel to a particular area of 
land; the lack of interest or traditional prejudices which many people show 
toward animal use and animal husbandry. 

There is also an overriding social problem to be reckoned with throughout 
Africa: the conflict in loyalties between a man and his Parent community on 
the one hand and the impersonal, rational demands of the market economy on the 
other. Until an aspect of social security has been built into the modern Af- 
rican economies, planners of economic development must recognize the fact that 
the final loyalties of most individuals involved have terms of reference which 


lie outside the ramifications of the program itself. 


Introduction of Improved Technology and Pover 
into Present Farming Systems 


Engineering and Technical Appraisal 


The factors which favor each level of mechanization and the gradual tran- 
sition from one level to another are presented in Chapter V. No. pure system 
of animal- or engine-power exists without hand-power. Frequently ail three 
levels exist on the same farm; and they exist side by side in all countries in 
Equatorial Africa. 

At this stage of development, more systematic and earnest attention needs 
to be focused on the needs of the emerging commercially-oriented hand- and 
animal-powered farmer. He can be assisted by the wise application of selected 
units of improved hand-, animal-, and engine-powered systems, to overcome tradi- 
tional constraints and to eliminate bottlenecks as they develop in his intensi- 
fication program. The tractor-hire service, either government or privately 
operated, can perform a very useful and beneficial service for developing far- 
mers, | 

There are many ways of organizing resources for rational and selective 


introduction of improved agricultural power systems. Several methods of 
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introducing new technology to improve present systems of farming in Equatorial 
Africa are illustrated by case studies of successful projects implemented in 
western and eastern Africa. All of these projects are currently active and 
viable; and provide guidelines for further accelerated development of agricul- 


ture through selective mechanization. 


Agricultural Intensification in Senegal 


The biggest problem seems to be that governments are not fully committed 
to agricultural development, nor wholly convinced of its necessity. Before 
agriculture can undergo marked change it must be given top priority in the 
allocation of the countries' resources. In western Africa, Senegal shows what 
can be done with an intensification program aimed at converting the traditional 
hand-powered subsistence farmer into a market-oriented animal-powered farmer. 
This case also emphasizes the tremendous effort that must be made steadily and 
the magnitude of the needed resources. It is not easy nor inexpensive, but it 


pays high dividends 1f the right decisions are made. 


The Motoragri Operation in Ivory Coast 


The example offered by Motoragri of introducing rational engine-powered 
assistance to ‘ue entire agricultural and rural sector of a country shows how 
technical assistance can greatly accelerate a country's agricultural develop- 
ment on a businesslike basis. Three points are crucial to the successful organ- 
ization and operation of such a venture: 

l. If qualified staffs are not available, a competent team of foreign 
professional and technical people must be brought in to manage and be respon- 
sible for the operation with full authority and accountability for the project. 

2. An intensive, objective, practical and continuing training program 
must be instituted from the start with full responsibility given to the organ- 
ization to select and hire local employees, to discharge unsatisfactory per- 
sonnel, and to assemble an effective skilled labor force. 

3. Carefully kept records and cost accounting must make it possible to 
determine operation costs and to predict needs and progress accurately. 
Motoragri shows the results of planning, training, evaluation and accounting 


that are continuous and objective. 


The Narosurra Farm Mechanization Training Scheme 


Throughout all projects, the need for more thorough training is evident. 
There is a great deficiency in training tractor operators for government hire 
services, cooperatives, settlement schemes, group farms and other agricultural 
projects. Little attention is being given to training farmers and private 
contractors to be qualified operators. Need for this training exists at both 


the animal- and engine-powered levels. 
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An excellent exabple ef practical, intensive training dssitnad kò efd more 
progressive farmers moving up the mechanisstion laditer to engine power tv the 
Marosurra Farm Mechanizatien Training Scheme in Kenya. ‘The Scheme cooducte 
 thres 12-veek courses per year, providing Jwetructiou in the operation end nain- 
tenance of egricultural machines, plowing, gas welding and simple repair work, 
farm accounting; and basic animal end crop husbandry. Each course takes 35 
students, making a total of just over 100 each year. It represents ar excellent 
mathod thet needs adoption and extension in developing nations. 

The trainees, in addition to their studies, undertake contract plowing and 
cultivating for farmers in the neighborhood The provision of this mechaniga- 
tion service, particularly in view of the area's marginal rainfall, greatly 
increases productivity and converts a sesi-endemic famine area into a granary 
for Kenya Of greater importance, however, is the impact that graduates have 
on farming in their own areas. Most Marosurra graduates become either part- 
time or full-time contractors. They are evtting new standards for work and 
efficiency. The Kenya government now requires, in fact, that all applicants 
,for loans to purchase agricultural machinery and tractors be graduates of this 
type of training program. 1f all users and purchasers of small and large en- 
gine-powered ayatens were requirid to take similar training, it would speed the 
successful introduction of improved engine-powered systems in Equatorial Africa. 
Purthermora, it could greatly accelerate overall agricultural and national 
davelopment. 


Economic Appraisal 


Taproved technology implies improved productivity and thus, in the proper 
economic framework improved fncomé for the producer Economic and technical 
factors operate fò concert to increase agricultural income. The relative im- 
portance of each must be judged in the context of the developmental sítuation. 
Concomitant technical factors are related to tha improvement of crop yields 
through fertiliser, improved varieties, weed and pest control and improved 
tillage practices 


General Fosse Framework 

Programs designed to introduce changes in the level of mechanization must 
tuke into account the existing accponic framework of tha locality. The broad 
spectrum of economic consideration eophasizes the necessary areas of ee 
tare in a completely ‘integrated program. The financial burden is likely ` to ve 
heavy od Bpondors, and may lesd to a strong preference for concentrated pro- E 
gram of the package-desl approach. An integrated program of development is- 
plies intagration at the micro-leval of the locality: the level of mechani- 
sation ia appropiléte all impute mest be resdily available; amd the soil dnd 
topography of the area have been taken fully into account. A program also must 
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be integrated at the macro-level with tha national economy with adaquate dafè 
structure to give market eupport to a new level of production, plane for a 
écheme become integrated with the overall plans of development for the nation. 
At the micro-level Of the local community a differentiated approach muy 

appear most appropriate. Such a scheme must introduce a number of different 
ievels of mechanizat on simultaneously, recognising that not all farmers have 
equal understanding and ekille. Furthermore, a large commercial enterprise in 
a locality can be incorporated into a differentiated plan, so that market infra- 
etructure can be more rapidly developed for the entire area Such a commercial 
operation can be an economic catalyst vhere-small farmers’ abilities to mech- 
anise are limited to improvements in hand tools and the introduction of some 
canimal-powered implemente, 





Mechanization schemes must meet added costs. In hand labor economies a 
major limitation to technological development is lack of monetization As the 
devel of mechanization becomes ere sophisticated, high management capacities 
become increasingly important, and an adequate infrastructure making modern 
inpots readily available becomes increasingly eésential Where management skills 
are inadequate, some compensation can be effected through an efficient extension 
service and training facilities. local adaptive research must be highly and 
consistently relevant to local problems especially in hand labor economies. 

The practice of multiple cropping in hand-powered farming keeps severe limi- 
tations on any form of mechanized technology Local prejudices, social pref- 
erences end attitudes frequently are found to be inhibitive, and must be recog- 
nized as relsvant variables to the development plan. 


Jele of Nechenization in Agricultural Development 

The role of mechanisation in agricultural development is seen as the 
employment of additional capital in the production function either as a sub- 
stitute for a factor of production or, in a neutral sense, to increase the 
total power employed in the production functíon without being a substitute for 
any factors. “The addition of power only increases productivity in coubination 
with other ínputs, thus the role of mechanization must ba seen in relation to 
the roles of other factors in the production function. In this context, 
mechanization is entitled to a special place in the order of priorities for ` 
developing syetene of agriculture; the order of priorities for mechani sation 
is frequently nat first. Research and daveloptient facilities should again 
priorities in the develòpmant in natfonal plans of all sciences and diacipiinse 
relevent to agricultural development, "hus, in the Recommandatione ead Guida- 
lines to follow, inquiry into mèchanisation ie proposed to be meistaimad ta 
closa contact with ether areas of agricultural inquiry. 
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RECOMMENDATIONS 


Jatrodustiek` ` 
, = 

The principal ob/active of mechanizaiion viewed in this Study, is to raise 
productivity in such a way that increased iL ome will accrue to farming con- 
munities Agricultural mechanization is only one of many inputs contributing 
to agricultural productivitv. Many economic interrelationships are involved 
in raising agricultural productivity and the economy must be maintained in 
dynamic equilibrium if increasing farm income is to be continuously realised. 
Research and development in aspects of agricultural engineering and mechaniza- 
tion for Equatorial Africa must be established in the context of the systems 
which prevail and must seek general agricultural improvement A balance 
between the interrelated areas of research must be maintained through coordina- 
tion of technical and economíc research 


í 


H 


Recommendations are presented at two levels for the purposes of broad 
organisational planning to provide alternatives for coordinated research and 
development at the national level and to encourage regional cooperation at 
the international level A series of general guidelines is pregented which 
relates to the planning of specific programs in particular areas, these are 
intended to assist in the local adaptation of recoasendations made in general 
principle. 

Mational agricultural research facilities are already established in all 
the African countries which have come within the compass of this Study. The 
recomendations are not intended to deal with details of their specific opera- 
tions. Rather, it ie recognized as an important feature of national indeven- 
dence that working out these details remains the province of national policy 
makers. Because of differing institutional structures and the necessity of 
firmly estiblishing agricultural development in the context of indigenous farm 
life, each nation's research organization must be unique In promoting re- 
search and development it is essential that existing facilities offer an 
adequate foundation on which to build an effective program and from which 
applied research can be effectively pursued It is believed tha' the govern- 
ments 1n Equatorial Africa desire to promote rural development as rapidly as 
available resources permit. This attitude supports the introcu.tion of more 
sophisticated foras of farm power end can lead to the adoption of national 
progreus of agricultural mechanization, The Recommendations and Guidelines 
are presented 20 show how the experience gained from thie Study can be utilised 
te davelop local, national and international programs. 

Recommendations I-X relate to the development of national policies, 
followed by Recommendation ZI relating to Jnternational policy and —2 
deriou XII aleo having a regional basis. The guidelines which follow are 
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nupericaliy elig d vith the recommendations. The guidelines deal in greater 
detail with the subject matter of each recommendation to give more specific: 
dírection to policy development. 

The Recommendations and Guidelines emphasize the complex interrelation- 
ships of aconomic, technical and « cial factors into which agricultural mech- 
anization is inji. ted as a further complication. Because of these complex 
interrelationships careful, long-term and short-range planning ie essential 
to economic development "The full development of a country requires a mul- 
tiplicity of inatitutions -- political, economic and social", ^! the creation 
of new institutions must be proposed circumspectly and created only when 
there is a clear function to be performed which cannot be performed by any 
other institution 

In economic development "human resources development is the most critical 
need throughout the world", TZ and is most effectively achieved through tha 
building of indigenous institutions. Until quite recently in the development 
of many African countries the establishment of educational and research insti- 
tutis has been mainly on the basis of foreign concepts. Now these institu- 
tions’ ye Slowly being assimilated into the way of life of independent nations. 
Shis process is a natural one and with it inevitable modifications to the 
original concepts are taking place Fostering new institutions should be 
encouraged only on the basis of concapte engendered from within the socio- 
economic milieu of the nation, in contrast to being proposed and implemented 
by external agents, even though financial support may be mainly external. 

Moreover, in making recommendations and guidelines designed to improve 
agricultural development through mechanization, planners must become involved 
in long-term processes Such planning necessitates long-term financial 
assistance, and the presence of compatent and experienced professional per- 
eonnel for protracted periods of service Ó Short-term service contracts and 
short-term financing are inadequate bases on which to build long-term plans 
of the nature envisaged in these recommendations 

I. Macompeudstion to Strengthen National 


Research end Development Programs in 
Aaricultural Power and Land Use 


Appropriate research into egricultural power and land use should be 
encouraged in already established national institutions. These may be 





[s 
H } 


e BI Forte ou International Development Assistance and International, 
Education, Inteanational Development Assistance, (National Association of 
State Universities and Land-Grant Colleges, January, 1969), Poitit 1, 


ibid., Feier 2. ' 
31644, , Pointe 5 and 7. 
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universities, or institutes of agricultural research, or agricultural machine- 
testing centers depending on the way agricultural research has evolved within 
the individual countries. Thus, strengthening this area of work is most likely 
to take the fora of financial support and coordinated direction to an opera- 
tional research unit alréady in existence within a functioning institution. 

It is important to recognise, however, that insufficient numbers of 
qualified personnel are available who are capable of organizing, managing, 
training and operating mechanized projects and perforaing skilled and highly 
technical tasks aseociated with the use, care, and repair of machines and tools. 

In order to guide and implement the mechanisation of agriculture vithin a 
country, an overall national program of research and development 1s needed to 
define areas of responsibility, to develop broad concepte and to establish 
basic policies which will insure a weli-plennsd and orderly treatment of all 
critical needs. 

It is recommended that an appropriate national committee or other group 
of specialists be charged with the responsibility of developing a long-term 
agricultural mechanization program in terms of agricultural power and land use 
research and development The major responsibility of this body must be to 
coordinate the program, channel funds to the operational units, and insure 
efficient operation of the program 

II Recommendation for a Progrga of 
active zation of 

The majority of agricultural producers in Africa are small farmers, thera- 
fore, this sector of the economy deserves major attention in national policy- 
making. Mechanization ia concerned with the productive processes of agricul- 
ture, but care must be taken not to overlook the importance of effective demand 
Hence, the proxímity of a market or potential market ia a vital consideration 
in drawing up any program to introduce mechanised technology to small farmers 

In making this recommendation it is impossible to state unequivocally 
the type (f mechanization programs to be pursued Environmental and socio- 
economic conditions of the small farmer vary greatly throughout Equatoríal 
Africa; only in the full context of e partícular system can an appropriate 
form of meuhanization be determined. Gradual evolution of farm power from 
hasid-powered through animal-powered to engine-powered technology is frequently 
envieaged #6 & natura) farm-power ladder of development. However, it is only 
possible to decide whether this evolutionary process is appropriate for the 
development of a country by careful analysis of the total relevant environment 
fot Wich A pr oprah 18 to be planned. The key to development 1s tha qpproprlate 
form of mechanisatdon iss the given aituetion 
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Appropriste mechanization should facilitate the optimum utilisation of 
economic resources Where there is widespread underomployment of labor, 
mechanisation should not be of the labor-saving type The program should 
facilitate a general increase in effective local employment as vell as the 
productivity of agricultural labor, and lead to increases in rural prosperity. 


TIT on to h ie 
he Te t t 


Small Toole gnd Implegente 

It is recommended that governments, through their appropriate ministries, 
coordinate and encourage endeavors to develop better tools and implements. 
This recommendation includes encouragement for the development of special 
implements powered by animals or small engines, and special incentives to 
individuals or groups to develop nev ideas and improved tools for sgriculture 
in tropical countries by making awards and/or granting patent-rights protection 

A national awards program could be sponsored in two sections onc for 
etudents, farmers and small shop operators, and another for professional 
engineers, designers and large shops or manufacturers Further encouragement 
in this area should take the folloving fores (1) good facilities for the 
importation of necessary steels, (2) standards of quality es“`ablished and recog- 
nized by brand marks, (3) financial assistance and technical advica in the 
establishment of small workshops, (4) easy availability of plans and apecifi 
cations for improved tools and implements, (It may be desirable to subject 
such equipment to a form of testing ), (5) some form of aupezvised credit 
facilities for farmers interested in improved implements but who need training 


IV Recommendation to Establish Farmers' 
Animal-power Training yacilities 


Where animal power has been proved appropriate to the agricultural en- 
vironment, there remains a major deficiency in the availability of suitable 
facilities for effectively teaching faraers wore advanced farming practices. 
Facilities should be provided, they need not be elaborate and may be considered 
as appropriate adjuncts to establishad training institutes, but they muet be 
properly organized and very practical The approach to training must be con- 
patible with conditions that the farmer himself must face in improving his 
land, inputs of labor and power, and developing management skills. Fundanen- 
tals of better farming practices should be taught along with training in the 
use of animal power. 

In any individual country, it is recommended that initially one national 
center be established as a pilot project in a centrally locsted area of high 
agricultural potential “Other centers can be established using personnel and 
techniques developed at the first center as the success and nedd is proved. 
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Tha adoption of improved farming practices including new forms of farm 
power generally depends upon the availability of improved tools which require 
well-trained and careful operators Such training also plays an important 
tole in reducing repair and maintenance costs. It is recommended, thsrefore, 
that extension services ba regarded as the most appropriate training medium 
for small farmers, and that extension agents be provided with adequate traín- 
ing in agricultural mechanization The training facilities can then be nade 
available to farmers with adequate backgrounds to benefit from the experience. 

Facilities for training both farmers and farm operators are generally 
inadequate. Moreover, very few training programe are designed with due recog- 
nition to the farmers’ traditional background or level of literacy, their lack 
of disciplined organization, or their lack of training in mechanical arts, 
Often, extension workers are inadequately familiar with the farmers’ way of 
life and have, themselves, insufficient knowladge about or proper training on 
improved mechanization tools and techniques 

Again it should be enphasized that training facilities in these ar , 
can be efficiently grafted onto the operational organization of already estab- 
lished institutions The burden of expensive administration can be avoided 
wherever an appropriate institution already is functioning 


VI ndat to ly T Institutions wi 
uate d Equi t for Instruction 


in Agricultural Mechanization 

Colleges, agricultural schools and training centers require basic and 
usab.e samples of modern tools, implements, equipment and tractors in order 
to give adequate inatruction, field exercises and experiments. It is recom- 
mended, therefore, that joint cooperation between industrial and educational 
facilities be encouraged by the establishment of an appropriate joínt-committee 
to arrange for such equipment to be made available Thus, teaching institu- 
tions would be able to keep modern equipment on hand without investing capital 
in obsolescent equipment. 

The equipment could be made available on loan from manufacturers with 
Suitable arrangements to underwrite repair and maintenance costs The coop- 
eration of prominent machinery companies should be forthcoming because of the 
opportunity to establish good relationships with teaching institutions and 
studente who are potential leadare in the future agrícultural life of the 
country. "M 

| Distributors, deslers and manufacturers should be willing to provide 
current instructional literature and instructors. While it is important that 
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agricultural development in any one ares should involve & strictly limited num- 
ber of machinery makes, a cross-section of brauds aid models should be avail- 
able within the training facilities 

Finally, it is recommended that a reasonable portion of all funds granted 
to agricultural training facilities be allocated each year for acquisition of 
essential equipment and supplies, for expenses incurred in their operation, 
and the transportation of students to desonstration or experimental areas. 


VII Recommendation to Develop Adequate Support in 
Repair and Maintenance Services 


Parte and repair facilities for locally-made tools are generally avail- 
able, being made from scrap metal and local timber Parte and repair facil- 
ities for imported or factory-made metal tools are less available in urban 
areas and unobtainable in rural areas 

In most developing countries o^ Equatorial Africa, trained, experienced 
and skilled craftemen are rarely found in rural areas Village blacksmiths 
and rural artisans are relatively few, and have the barest facilities and the 
simplest tools 

Well-equipped machine shopa and workshops in Equatorial Africa are for the 
most part in urban centers, owned and staffed largely by skilled expatriates 
Very few educated Africans are interested or qualified to own and operate such 


businesaes Governments are frequently the largest purchasers of agricultural 
machinery, but they often by-pass any local dealer, or import machinery for 
which there is either no distributor or only a trading representative 

Therefore, it is recommended that all government purchases of farm ma- 
chinery be placed through an established importer with adequate facilities 
for services and stocks of spare parte If an importer fe not already estab- 
lished, a new agent must agree to set up suitable repair and service facilities 
before a license is issued for the importation of machinery. 

It is also recommended that governments carefully consider the advantages 
of permitting agricultural machinery and parts to be imported free of duty. 

Further, in view of confusion which can arise in répair and maintenance 
services due to the multiplicity of types and models of agricultural equip- 
ment, particularly in areas using engine-powered agriculture, it is recbmmended 
that a policy be adopted to limit strictly the total number of makes and models 
of agricultural machines and power units that may be imported duty frée A ' 
machinery council of qualified technical specialists should make these decisioni, 
based preferably on a combination òf proven performance recordó and on the ^" 
willingness of manufacturers end importerè to provide adequate supplies and' 
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sapara parts, repair and maintenance services. 
! 
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The national programs of research and development in farm power and land 
use can be gradually expanded as the agricultural technology of a country 
becomes more sophisticated. Operational branches of the main arm of the pro- 
gram may be desirable in several different parts of the country. In the con- 
text of a long-term machinery development plan, it ia recommended that govern- 
ments gradually establish extension and service branches in areas of high 
agricultural potential These branches must be staffed with properly trained 
extension workers and exist as functional units of the local extension service 

Each branch should provide contract machinery-hire services for farmers, 
plantations and government bodies, assist private farmers in buying and effi- 
ciently using appropriate improved hand tools, oxen or tractors The branches 
should offer facilities in all aspects of agricultural mechanization and pos- 
sibly conduct a limited amount of testing of machinery and implements. 


IX Recommendation to Encourage Private Farm Mechanization 


nd Private Ownership of cultur chine 


Where private farmers are adequately trained or can obtain training, it 
is recommended that governments make funds available to facilitate the purchase 
of improved equipment Credit may be made available through a government agencv 
with instructional and supervisory facilities so that farmers are guided in the 
use of both equipment and credit. 

Equipment formerly owned by government machinery-hire services usually 
can be satisfactorily repaired for sale at reduced rates to private farmers. 
In tbe hands of trained private farmers, equipment can be operated on fares 
and on contract work vith econonic efficiency 

Capital is available in the more prosperous families in developing coun- 
tries. Landowners and professional members of families often help other family 
meubers by providing employment or purchasing capital equipment for them They 
probably would be willing to support a menber of the family in private contract- 
ing business or in carrying out heavy work on a large family land-holding if 
this person were properly trained. It is recommended, therefore, that well- 
equipped schools, such as the Nerosurra Farm Mechanization Training Scheme, be 
actively encouraged, and governments consider the advantages of establishing 
, more &chools of this type. In such institutions, potential private owners of 
equipment receive a thorough practical training Such training, coupled with 
adequate loan facilities will encourage agricultural machanization in the 
private sector in which the profit motive ie a more significant factor in 
farming operations than in government controlled undertakings. 
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Large-scale commercial operations can stimulate the development of local 
infrastructure which gradually orients smaller, less-mechanized agricultural 
eysteus in the area to a market economy A properly differentiated approach 
to rural develcpment fe needed to incorporate this catalytic function into 
development planning Several approaches to economic development at different 
levels of mechanization can be used appropriately and simultaneously in one 
area There must be a positive effort to promote the development of indigenous 
agricultural systems near any large-scale operation, otherwise, the two systems 
may merely coexist, and have little impact on each other 

It is recommended, therefore, that rural development planners make serious 
efforts to in orporate the cooperation of commercial organizations This should 
include collaboration with private enterpreneurs through the inception, imple- 
mentation, and operation of the plan 


XI Re tion to Coor te Regional Research 


and Development in Agricultural Power and 
Land Use at the International Level 


The Case 
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At a recent conference held in Abidjan, delegates emphasized “the need 


for inter-disciplinary integration of research oriented to [the] project rather 
than specialization {oriented to the] discipline " In a follow-up speech 
on the conference activities?" the need was stressed for: 
The establishment of an international center for agricultural 
equipment and mechanization [and a] study by a Ford Foundation team 
of the desirability and feasibility of some kind of center vas 
recommended 
Two additional excerpts from this speech are germane to coordinated re- 
gional research 
It was suggested that the more fundamental or.basic oriented 
research lent itself better to international organizations along 


ecological lines, but that applied (adaptive) research fell more 
clearly within the province of national research institutions 


The more urgent need for work on soil surveys was felt to be 
the establishment of regional soil maps giving more details of 
soil family characteristics and their potential uses to farmers. 





?“Congerence on Agaccultural Research Prroritivs for Economic Development 
din Africa, Abidjan, Ivory Coast, April 5-12,'1968 — (Informal report to the 
Agency for International Development Debriefing Session, State Department, 


?3Atbert A Thornbrough, President, Massey-Fergueon, Limited, View, 
(speech to the 97th Annual General Meeting of the Canadian Manufacturers' 
Association, Halifax, Nova Scotie,June-July, 1968), pp. 16-18. 
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There appeárs.a strong case for satablishing end undergirding programs 
of national research end development, into which ere incorporated programs in 
egticulturel mechanization » and for regional cooperation between nations. 
Furthermore, the political climate in countries of eastern and western Africs 
appeare favorable to regional cooperation, with che establiehaient in December, 
1967, of the Yast African Community and subsequent applications for membership 
from Burundi, Ethiopia, Somalia and Zambiaj and several regional research 
centere having been established in western Africa, in both Anglaphone end 
‘Francophone countries. However, caution must be exercised in promoting coor- 
dinated regional research Political precedences and eupport are already 
established, but time is required to implement the operational facilities. 
It fe premature to propose another full-scale activity of regional cooperation, 
until currently existing regional institutions are functioning effectively in 
their delimited areas of operation 

The recommendation to coordinate research and development in agricultural 
mechanization on a regional basis is made in two stages. The preliminary 
Stage is the establishment of two Working groups under the auspices of councils 
od policy-makers to investigate the operational details of acceptable programs, 
and the second stage ie the implementation of the programs worked out in the 
first stage. 


Working Groups 


It i$ recommended that governments and private farm equipment organisa- 
tions of interested "donor" countries and "recipient" African countries support 
the esteblishment of two working groups to investigate the feasibility and 
operation of the regional program. 

Bach working group, one to serva eastern and the other to serve western 
Africa, should consist of a multidisciplinary team including, at least, 
spécialiets in machanization, agronomy, and agricultural economica, and pos- 
sibly other related fields. The working group should perform under the aus- 
pices of a council of policy-makers representing each participating country. 
The eastern and western working groupè should meet together as necessary to 
provide adequate liaison, and their function will be to draw up the admini- 
etrative end technical details of sn acceptable program to coordinate regional 
research in agricultural ‘ower and land use. The woAking g^oup should deal 
mainly with technologiste, scientists, and technical adainietratoré from 


dei «+ What ie needed to lay the basis for solving the world's food 
problems, ae Í see ft, fs a network of good rsesarch inatitutions in the 
—— — e — — pri e ana an apart: la 

t there sus etrong institutions in each country, loceliy managed 
end easily fiaimced . SE d j * 
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public and private sector of the economy'to formulate into a plan chè opera=' 

tional details of coordinated research and development. The primary funeri: 
of the council of policy-makers should be to íusure that the progésimr are 
politically acceptable to the participating countries, and that propef Gemeis 
of communication are established with the appropriate ministries. ' The council 
may be attached to the Organization for African Unity (OAU) as an appropriate 
parent body, but fundings should be independent 


f 


The Programs 


The recommendation to develop coordinated regional programs of research 
and development for agricultural power and land use is envisioned in three 
phases. The implementation of these phases will depend on both the level of : 
funding available, the antícipated level of support to regional operations, 
and the details of the programe drawn up by the working gkoupà Each progres 
will inevitably require the establishment of a regional coordinating unit. 


Regional Coordinating Unite 

Coordinated regional research and development is envigioned to be condutted 
mainly by specialists in national agricultural institutions with some work 
possibly being done by the staff of the regdonal coordinating unite during the 
final phase of the program's development At each phase of a program, it 
will be necessary to have an ad hoc committee, a small secretariat agency, or 
a research unit to act as regional coordinating unit. 

The function of these rcgzonal coordinating units follows after the findinge 
of the working group have been completed and presented as an operational pro- 
gram, These functions should include the coordination of work in the following 
areas: il 

1. Designing, developing and adapting improved hand tools and animal 
implements, 

2 Selecting and testing potentially suitable power unites and large-scale 
machinery; 

3. Conducting tillage research related to mechanised agriculture; 

A, Selection and/or design of drying end processing equipment; 

5. Promoting soil and land use surveys relevant to agricultural mechani- 
zation, 

6. Recoumanding for development soils with the promise of greatest . 
economic and social benefits. 





It is recommended that the first. plase of a rogionsi program bé the ‘fortes, 
tion of a specialist committee meeting oncé or twice 'a year to #xchgaté: tashnical 


information. Thus, the regional coordinating unit can be simply a coamittèa., 
requiring minimal funding., ! 

This phase has bean already established in AP, Additional funds can 
considerably, strengthen the effectivensss of the specialist committee. In 
effect, the recommendation is one of expanding the specialist committee con- 
cept for eastern Africa and ef developing a similar committee for western 
Africa, provided this is consistent with the mechanization programe in the 
process of being developed.” It is recommended that the co-spons.rs of the 
program be committed, in the first instance, to assist in providiag salary 
and operating funds fdr a period of five years for à part-time executive 
secretary for each specialist's committee. Some of the duties of the execu- 
tive secretary would be to plan and organize the specialist's meetings, arrange 
for recording ‘and disseminating proceedings of each meeting, and coordinate 
the exchange of information between the easte.n and western units. 

In this way, all research and development work would be undertaken by 
national research institutions, while the regional coordinating units (i.e , 
the specialist committees) guide the work and prevent duplication or wasted 
effort. The regional coordinating units would need operating bases which could 
be provided by the IITA in Nigeria for western Africa, and EAAFRO in Kenya 
for eastern Africa Alternative locations for headquarters also should be 
invzetigated thoroughly by the working groups before any proposal to establish 
Aegional coordinating uncts is presented to the council of policy-makers for 

/ action 


a i dinati its 


The second phase recommended is the establishment of a specífic govern- 
mental agency or secretariat to etimulate needed research through contractual 
arrangements wlth existing national organizations Again, it is recommended 
that the co-sponsors encourage the support of this form of rzegsonal coordinat- 
Ang unit in the first instance following on Phase I for a period of five years. 

In this phase, sach reglonat coordinating unit should be organized as a 
Secratariat, with one or more full-time members to coordinate and stimulate 
recearch activity and exchange of information It: should have sufficient 
funds tò contract for specific research projects on a matching basis with 
wember countries. The national institutions should do the work, assisted 
financially by the regional doordinatin unit, Interested researchers should 
be encouraged to submit proposals for specific projects to the aegronal 


mentes 





d od Fanm Mechanization (nimeogrephed) (report on à conference 
weld a at che Faculty of Agriculture, Vaiversity of Ghana, Legon, Jenuaty 7-8, 
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cvokdinatliyg unit for consideration and review; approval shouid carry a 
guarantès of funding either wholly or partially. 
l This phase is intended to establish an approach to regional research 
coordination which still allows participating countries to develop their own 
research facilities. Phase II is worthy of particular attentíón becauas of 
the great need to develop and exchange techniques of transferring knowledge 

to the small farmer. A vast accumulation of scientific knowlédge in relation 
to machanization already exists; much fe being applicd well in Equatorial 
Africa by large-scale farmers, Much less ia known about techniques to transfer 
approyriste knowledge on improved small-scale agricultural technology to the 
shall ` farmer Relevant cooro.--ted regional research may be extremely helpful, 
but a flexible approach must be maintained to avoid spending funds heavily at 
the international level, when rasecrch at the farm level should have precedence 
at the current stage of development. 

The secretariat vould need physical accommodation ín a ,arent institution. 

This consideration will be included in the preliminary study undertaken by the 


working group. 
Phase IIL: Regional Research and Coordinating Unit 


The final phase in developing a complete regional program ia recommended 
ac the establiatment of two Aegioral coordinating units to be staffed and 
financed in such a way to pursue its own research and to contract with various 
national centers cor additional work Its function will be both to conduct 
and coordinate regional research 

Keeping in mind the shortage of trained agricultural specialists in Africa, 
these regional research and cooadinating units need not be newly-created insti- 
tutions but can be extensions of existing «rganization. Each working group 
would be charged with selecting the appropriate body for affiliation. 

Regzonal research and coordinating units supported by technical assistance 
grants from the co-sponsors should have funds at their disposal to contract 
with existing national research organizations on a matching basis as deteruined 
by the contracting parties. These funda should be used to initiate applied, 
adaptive, research on the most critical and specific problems relating to 
agricultural power and land use. Regional coordination of such research 
should avoid costly duplication and should facilitete dissemination of results 
asong countries. At each phase of the program the recommended period of 
commitment for the co-eponsors bas been for a period of five years, with pro- 
vision for extensions by mutual agreement of participating countries sad the 
cor-apousars, Yi te recognised that short term cowmitsents sre gensrally un- 
Gesirable for prowoting agricultural research; et the seme tine, few politico) 
sémicistretions are willing or able to make long teru comitaente of funds. 


149: 





The poriod of fivp years ia rot, hevever, excessively shert and should give 

co-sponsors aed participants the opportunity to assess results and reacy their 

financial support. 
XII. 
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kaleyas C A Se TYE 

Frequent: reference has béen made to the paucity ,9f instructional sanu- 
als end materiala for teaching institutions and their ineppropriatences for 
uneducated or illiterate farmers in Equatorial Africa A logical starting 
place in the acceleration of agricultural productivity is to concentrate on 
waking such pertinent information more readily available, Regional text books 
would be logical because common climates, crops, and soile extend across the 
political boundaries of most Equatorial African countries. 

It is recommended therefore that policy-makers and grant-aitding euthori- 
ties give strong support to suitable proposale to prepare books, teaching 
manuals and pamphlets for use in Equatorial Africs. Such proposals should 
make provisions for a substantial contribution from African authors, for the 
final materials to be prepared both in appropriate languages and for the 
inclusion of guides to prepare sppropriate media for the teaching of relevant 
aubjeet matter to illiterate farmers. The fundamental importance of under- 
standing soil end its management has been enphaeized in this Study. Prepa- 
ratibn of data relevant to agricultural mechanization would begin with a 
comprehensive presentation of relevant soil knowledge in suitable forms for 
use in both teaching and research institutions of Equatorial Africa. 


isana t 





Jatrodection | 

The following observations ou the experisace of a variety of weeheni- 
sation progrems have been classified as guidelines. They sre inteaded to 
identify key coneíderations to be taken into account in davising future 
wechanization echemes. 

1. Limitations on the small farmer aro very severe. Even when future 
improvements to his income can be effectively demonstrated, farmarn frequently 
have neither the financial means nor the technical guidance to adopt improve- 
ments. Mechanisation programs involving the small fermer must iaclude pro- . 
visions for credit and extension aseistaace. 1 

2. Engíns-powered mechanization should not be regarded as wa Gd in . 
iteelf. Individual farm operators will not be interested in tracotre if 
there is no demonstration of improved results. Tractor mechamiszetion is not 
appropriate unless at least one of the following changes cen be demonstrated: 
(a) effers opportunity to reduce costs; (b) offers opportunity for increasing 
returns; (c) offers opportunities for reducing riske, (d) offers opportunities 
for increasing incomes by increasing the scale of operation, even at a dinin- 
ishing marginal rate of increase 78 

3. Wo proposed mechenization scheme should be implemented before a 
thorough investigation has been made into: (a) the nature and suitability 
of the soil to permit successful mechanized tillage; (b) the productive capa- 
city of the area with respect to the various crops to be mechanized, (c) the ` 
level of skill and technical ability of the personnel who will operata the 
progrra;79 (d) the needs, intercets, capabilities, aad attitudes of the local 
people; (e) the supply to the area of all necessary inputs, (f) the potential 
market to absorb increases in production; (g) the market infrastructure. 

If some or any of these areas of inquiry represent unknowns, it ia much 
more sensible to conduct initial investigations in the form of pilot schemes 
rather then to risk heavy losses through implementing a scheme on the baeis 
of inadequate knowledge. 





^O 965. L. Joy, (ed.) Symposium on Mechanizatcon in Uganda (Kampala: Da- 
partment of Agriculture, 1960), p. 14. 


79 Ho scheme should be implemented unléss adequate profèvblonal stati , 
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A. Tractor-hire services have bean sponsored generally by governments. 
They sérve a veeful function in ‘introducing angine-povered technology iato | 
aréas fa which further development i» impossible without additional: power: 
Wowevet, private individuals usually are able to run contracting operations 
more efficiestly than government departments operating on the baeís of sub- 
eidies. Specific plans should phase out subsidies since efficient and inten- 
sive wenagement with close accounting procedures are essential to successful 
tractor operations. Charges for work should be related to actual coats of 
operation. Tractor-hire services eubsidizad by the goverament should avoid 
chargas which severly undercut private operations. 

5. Training opportunities have an important bearing on the ability of 
people involved in development programs to appreciate the intentions of its 
sponsors and understand the ature of the technology involved. The following 
are appropriate guidelines: (a) before the implementation of a mechanization 
program technology, adequate training facilities in the proposed area should 
be provided. Instruction with oxen power and tractor power should be demon- 
strated on specific crops and soil types of the area, (b) non-degree awarding 
agricultural institutions currently train professional agriculturalists who 
tend to move away from practical agriculture, There should be a genuine 
effort to inculcate through the curriculum an appreciation for the place of 
the practical farmer and farm worker, (c) degree-awarding agricultural facul- 
ties of the univ." ities train professionals who generally occupy positions 
superior to diploma-holding professionals. These professionals are intended 
to desi with the problems of agriculture, the curricula at both levels should 
engender respect for the practical farmer, (d) careful distinction should be 
made between types of employment for which the degrees and the diplowas train 
etudents. Both occupations are important in the economy of the nation, it 
is inappropriate to regard the diploma student as a second-class professional 

4. Programs of agricultural mechenization must fit the economic context 
Specific machanization projects must be analyzed to determire necessary eco- 
norte changes for successful mechanization with respect to the following  ' 
aspects of the economico context: 

&. Farm structure. The average size of farme and the distribution 
of holdings should be annrògriate for the proposed scheme, or the possiblity 
of changing the atructu 1 should be examined. i 

>. Dacrense im the vblume!of.farn production. The merket syaten 


1 


must ba capablè of hamAliAg epbatential facreases in tha volume of productipa. 


This mecdesitates agakysan af: (1) rhe road end transport infrastructure fo :' 
éetesniss ite Stu? (2)'the marhté chanaele; (3) demimd for the product’ 
to deternása whather: tha ampansisn: of the areas product vill influsuco 
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local markat prices, regfonél markat prices, national market prices, and 
fáterbatienal prícés; (4) the volume of faptite required ia the eres, | 

"e, The éntrepreneuri,] capacity of the local’ farmers, The level 
of achfevément in the management Function fs an important determinant ín 
deciding what level of extension service is necéssary, and vhether private 
enterpreneuríal activities should be encouraged. It involwes the consider- 
ation of: (1) education of participating farmera, (2) local systems of 
farming practice; (3) comprehension of the money scohonmy 

d At the macro-level of the econcay, the scheme must not be con- 
sidered in isolation from other agricultural schemes in the country o» in the 
larger geographical region Analytical considerations should be given to the 
aggregate effect on both the product and factor markets (1) there will be 
an aggregate effect on the market prices for both inputs and outputè, (2) the 
aggregate effect on international prices can be estimated, (3) the aggregate 
effect on international prices for imported inpute may lead to an increase in 
demand for foreign exchange which must be met by the national economy, (4) 
labor substitution mechanization schemes must be recognized as displacing 
employed labor in an economy which may have difficulty in absorbing it elsa- 
where, (5) the non-farm sector of the economy can only be expanded slowly in 
developing countries, even if it expends to serve the agricultural sector, | 
thus too rapid agricultural gechanisation can lead to substantial unesployment 
or underemployment of the rural population 

7. There is need for machinery testing facilities, especially compar- 
ative tests of implements designed for use in Equatorial Africa. in some 
cases agricultural machinery manufacturers might cooperate as they are well- 
equipped for testing. Many have vested interests that make more impartial 
institutions better suited to organize these tests but universities or colleges 
should not become involved in adjudicating the relative merits of different 
comercial machines. Testing iv especially important when agricultural machin- 
ary is duty-free. Some form of impartially operated testing is necessary in 
order to issue import licenses Machinery manufacturers. shouid be willing to 
support or conduct teste according to national epecifications 
8 Vigorous attempts should be mede to standarize equipment in any 

ons agricultural area This would encourage the establishment of satisfactory 


repeir, maintenance, and training services. l ` 
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institutions 2. a prerequisite to the oue fu) promotion of ceordigated re- 
sional research. No nation je vilitag te participate fa Sege Gë intgr- 
national) programe of research until ite matiomal ressarch hae established a 
substantial body of knowledge related to its owa agriculture. Thus, to work , 
through and otrengthen the national research institution fe a most important 
stap in developing a fremevork for regional copperation. Moreover, as a ppe- 
liminary stage, this is a positive ¡Step which cen be taken while a number of 
alternative approaches to developing a regional research progrem are under in- 
vestigation. 

Relevant problew areas are: selection, application, use and maintenance 
of equipment; training of managers, supervisors and operators; determination 
of development priorities for both projects and localities, determination of 
priorities in research, transferring knowtedge and techniques to poorly educa- 
ted or reticent farmers. There is enough accumulatod scientific expertise and 
knowledge to guíde the agricultural development in Equatoríal African countries 
Agricultural productivity can be increased by making man a more efficient user 
and director of power However, greater cepacity of mechanized operations means 
that mistakes are magnified and poor judgments become costly Therefore, high 
prioríty must be given to the development of local research conducted by nation- 
al agricultural institutions 


Ii Selective Mechanization of Small Farms , 


Mechanized technology can be introduced into areas of small ferms having 
high agricultural potential. Mechanization can facilitate the cultivation of 
more land; the improvement in yields through more timely cultivations, double 
end triple cropping, and the improvement of trausport facilities Appropriate 
mechanization is favored by. (1) local demonstrations of recommended tech- 
niques, improved tools, and the use of modern inputs; (2) machinery hire ser- 
vices, operated by the government if no private entrepreneurs aré available, 
offering services at realistic prices for a limited time period (to be with- 
drawn as private operators become establisted); (3) the presence of adequately 
equipped service workshops and spare-parts stores; (4) availability, for short- 
tera contract work, of heavy crawler equipment for preparation of new land, 

(5) training schools similar to Narosurra, Kenya, for small farmers and private 
contractors to learn the skills of mechanised farming, (6) appropriate credit 
facilities; (7) introduction of high-value' Crops with an &dsQuate market, (8)'' 
, good market infrastructure, d CG sd 9 

, Realistic conditions fer wechanisatiós should be esteblíshed in order to 
select acst.suítable amaa for accelerated dévalopaant. : Areas should ba alini- 
nated 1£ machanizétion-viAl.net lend te, a net incrases,in agricultural prodno- 
tion er will lead to a substantial increase in local unemployment, increase 
éistèisod mann lavmidi" gr: tdordave ' wa 
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iil. erem of fall Toole ond larlenmi 

The folloving are vital constésretions i» develeping mou tools and ta- 
plenests aad improving tbese already in use: (1) edapt tools fos sere efti- 
cleat performance and speoty work; (2) nísinise fatigue by improved balance 
end working position; (3) reduce injury or vear te am er eninal; (4) hee 
weight lou for easy transport} (9) construct fron local resdily-eveileble aster- 
fale; (6) choose the most simple design appropriate to the jet; (?) design for 
epecific tasks, end with only simple adjustments; (9) require the least asia- 
tenance and preparation for use; (9) construct eo that parte can fit together 
only one vay; (10) eecure firm fasteníog between handle ed blade; (11) elini- 
mate wherever possible, the need for wreaches (spenaeve) or special toole for 
adjustment; (12) make single tool clemps with no nute or pieces to lase; (13) 
use eelf-locking pine chained to frame for joining parts; (14) design to sccom- 
modate high verk-loade caused by woususlly dry or herd conditions (animal tool- 
bars should be capable of pulle up to 454 kg.); (15) give careful attention to 
faprovi'lg éravbar hítcbes. 


IV. Retabliehment of Parmere` Anímal-pover 
Treíniog Vacilicies 


Pecilities for training farmers in the use of animal-powered equipment can 
be established at epecíal centers or as subsections of agricultural fastitutions. 
Training inetitutions ehould be simply organized end appropriate to the socal 
rural eituetion. The major consideratione are eoume rated belov. 

1. Appropriate Facilities (a) about ten hectares of ferm area, (b) eta- 
ple improvemecte to traditional buildinge, (c) suitable accowmodatione for tvo 
instructors with every ten to fifteen young fareere, (d) simple compound and 
ehede for animale and stores, (e) open-sided ehed with good ehade from the sun 
for instruction ané practical vork; 

2. Trainees (a) courses to commence just before the beginning of the 
cropping season and last the full season, (b) fareers' eons and doye sponsored 
by local farmere selected as traineeo to be at least 16 years old, (c) trainees 
to bring with them a peir of full-grown bulle or oxen. Loans for purchase avail- 
able in exceptional cases as in Niger where animale ere ectually eelected by 
the center, (d) animals to be given a thorough veterinary inspection and vac- 
cinetior.; 

3. Training Program (e) tnetruction ané supervision om animal use and 
care, (©) trainees to be able to treia aineis thenselves by the completion of 
raureo, (c) progressive traisíag of animales fros hauling loge to plows, carte 
end to other implements, (4) instruction is manufecture of yokes, (e) instruc- 
tise in taplomant laprovement, (f) instrectíon ín eninel~-powered plowing and 
cultivetion ané cropping practices; 
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4. Practical Vere Training (0) heving learned plowing skille, traísecs 
reture t» epensere' farm: :o plev lead bet remain under oupervision of treis- 
tag iastrectere, (>) encourage trainees to wadeitake contract plowiag, (c) 
charges te be fixed for all work done under supervision, (4) money collected 
for work ehcred (equally, or on pre-established point system based oa aerit) 
et the end of season to provide capitrl for trainees to commence their ove 
werk fa the followiag season; 

3. Training Continuation (a) following traictag with the plow, instruct 
in eezt farmiag operation, (b) also instruct ín the use of modern multi-purpose 
enimal toolbars ané other appropriate implements, (c) trainees tatroduced to 
arv crepe, improved cultivation techniques, use of pesticides, geed Gresefage, 
fertilisers. pasture control, animal feeding, and other techaíques eppropriste 
to the locality, (d) instruction ta simple implement maintenance end fare cer- 
peatry, (e) trainees ieturn to ovn or eponsors' faras for practice at each otago 
of the croppiag season; 

6. Financial Arrangemente (a) some form of financial assistance mey be 
necessary for trainees to purchase their own toole, implements and other in- 
pute, (b) training center cay provice these inpute on a loan basie, useing 
trainee income from contract vork to defray expenses, (c) provision of free 
board ané lodging with emall amount of pocket money, (d) some return fron 
trainees income may be expected after hie return to fara work, (e) training 
center to grow moet of required food, (f) instructors to have adequate trane- 
port and expenses covered for post-treining vieite to trainees vhen working on 
ferme in the locality; 

7. Follow-up Program: A etrong follow-up program of all trainees te im- 
portent. A gear or so after their training period it should be possible for 
the studente to return to the training center for refresher coirees, edditional 
traising, and en opportunity to clear up any problems encountered in the field. 
Successive refreshar courses can help to maintain enthusiasm for che techniques 
vhich bave beea learned. 


v. t t of 
Trainiog Fectlitteg 


The evatlability of capable instructors sympathetic to farmare' prod leas 
ie vital to developing a mechanised agricultural technology. la the contem- 
porary situation, fov farmere would be able to enter agricultural training 
instítutione; aset teschiag would be undertaken ín the field by exteaston 
workers who must be adequately schooled fa the relevant practical ehílle of 
agriculture. . 

Je order te etremgthen tratatag facilities im egriculture, the following 
are guidelines for polícy-makere: | Po Wo. " 

1. Present extension vorkere sheulé have ample opportunities, through 
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| regular refresher courses, for practical training on the selection, applica- 
 tíon, use and maintenance of improved implements and farm power units. Foreiga- 
based local farm machinery agencies can provide information and training facili- 
ties; 

2. Agricultural extension services should be expanded by choosing person- 
sel well qualified in agricultural mechanizetion, and services should be con- 
ceatrated in areas of greatest agricultural potential; 

3. Time allotted to practical training and selection of improwed imple- 
ments and machinery should be expanded; 

4. Curricular content of all training institutions should be carefully 
reviewed regularly to eliminate unnecessary or irrelevant theoretical courses, 
and to keep skílls related to practícal problems of farmers; 

5. Training for farm-equipment advisore and technicians should emphasize 
tbe interrelationship betveen improved equipment and improved cultivation prac- 
tíces; 

6. Training schools for agricultural mechanization should be considered 
as appropriate adjuncts to agricultural colleges and/or research institutions; 

7. More manuale and instructional literature for the training of exten- 
sion agente written in appropriate languages are needed, and special techniques 
for instructing illiterate farmers; 

8. A comprehensive training program on the use, operation and maintenance 
of farm eschinery can be a required part of any agreement for purchasing fara 
machinery under loan or on credit. The cost of this training should be in- 
cluded ín the terms of the loan, end training should be completed satisfactorily 
before the equipment is delivered. Fara machinery dealere should be encouraged, 
or even required to offer training courses; 

9. Loan applicante should be tested for mechanical aptitudes and respon- 
sible attitudes. Any training given to loan applicants should (a) be spe- 
cifically related to the equipment being purchased and demonstrations take 
place in the location of intended use, (b) include afteretraining through visi- 
tation of the user on his farm by extension agente or the agente of the equip- 
ment dealers, (c) insure that extensíoo agente are familiar with the content 
of any courses taken by farmers in thefr ovn location; 


10. Where foreign specialists or advisots are enployed, the host country 


Bir, fe possible to use agricultural literature, machinery manuals and 
other literature in local schools where the children of many illiterate oy 
seni-literate farmers are studente. Studente may then help their parents to 
understand vhat fe written ín their oun language. However, a sociological 
problem involved in this observation: few parents take kindly to receiving 
instruction from their children. Social psychologists can aveiet in this kind 
of approach to technical education. 
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should eupply at leset two nationale té ba traised similarly to take over 
major responsibility for the pregran at the earliest possible date. 

| vi. ? t est 

* to 

Obtainiag loens end gifte of equipesat ané funde for training inotitu- 
tions from major companies of a country requires considerable diplomacy be- 
tween the appropriate government ageacies, college edminiotrations and the 
companies. C.:iriy, a considerable fund of good-will can be established in 
thie vay between the training institutions and the campanies, and between 
poteatisl customere (current studente) ané the companies. 

The folloviog guidelines are presented: 

1. Principal manufacturers and dealers can bo requested to give epectal 
discount privileges to trafning facilities; 

2. Training facilities then should be willing to meet the coete of re- 
pair; 

3. local dealere can provide instruction ané demonstration in correct 
use of equipment; 

4. Literature of all types, fa appropriate languages and media should 
be eveileble {rom equipment dealers; 

5. Equipeent on loan should never be used for commercial purposes; 

6. Several brande of equipment should be demonstrated in the training 
institution, although goveramente should limit the number of types fa prectical 
operation fa any one location; 

7. Coasignmente of equipasnt and replecenent parts ehould be renewable 
on an annual basie by mutual agreement between dealers and teaching institu- 
tions; 

8. Major machinery importers should be enlisted to support adequate train- 
tag programs in addition to dealers; 

9. Machinery compenies vho benefit from having trained perecanel fros 
thease institutions ía their enployment should provide funde aad equipasot 
te the training facilities, 


VII. Development of Adeavete Repatr ond 
Halatesence Services 


The following considerations are coasidered important is the provisions 
ef eé$equate repair and matatenance services for egriculturel equipasat: 

1. Amy goverment purchases of agricultural equipasat should íaclude 
ali recommended opare parto ané basic matatenance tools equal to at least 20 
percent of the vales for the total order, based initially oe two yesre’ re- 
qui renente s 

2. Mechisery manufacturers, importers er dealers must ceoperate ta 
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` eettíag up ouitable eales and service feellitice; 

3. Coverments should be willing to permit duty-free importatíen ef agri- 
cultural machinery or at least for epare parte and matatenance equipment; . 

à. Coveraments are urged to permit the re-exportetios, ané exchange of 
unneeded oparo ports, for fare mochiaory which ere unusable or surplus to the 
nsode of the couatry vitbout penalty, export tan, transfer tan or license. 
Such concessions would encourage dietributere to etock more parte, with eppor- 
tunity to recover vithout penalties part of their coste dus to changes in mer- 
kot demand, early odeclescence, improvemsat in rezair experience, ané aterrkes 
ia ordering; 

$. Coverumente should regulate the sumber of types of equipment imported 
into a country, avoid confusion over eperes, repaire ané maintesance services: 

6. Covernmsnte should be encouraged to establish appropriate techaicel 
ané vocetienal schools ín the mechanical erte end trades. Special assistance 
should be g*ven to village blackemithe and ertisens is rure] areas by pro- 
viding short courees in metal work and financial aid in the purchase of ie- 
proved toole. 


VIII. Ratebljohment of Service Brgocbes 


The mechanisation service branch is conceived as part of the field opere- 
tions of the national agricultural institutions. The organisation of service 
branches io envisioned as a later develognent in the sechenisation process. 
Branches may serve as operational bases for extension agente in agricultural 
p,chanisation. The numbers and euiteble location of service branches must be 
determined separately for esch individual country. 

The following are considered appropriate erees of operation: 

1. Testing ané evaluating field equipment froe which recommendations can 
be made to farmere; 

2. Specific asetotance to farmors ta improving skille with en inai-powered 
equipment in order to assist ia (a) the decision to buy ozes, (b) the celectiocn 
of ousa, (c) the purchase of oxen, through credit fecilities, (4) the trataias 
of farmere ané emen, (o) the training of oxen for subsequent sale to farmere, 
(f) the decteton ef individuel farmers whether to nove from enimal- to engine- 
powered techaology; 

3. General advice end demonstrations in the use of modern inguts es those 
pertain to nochaniseéd techaology et ell levels of power, end to conduct local 
experiments with sev foras of egriculturel technology. 

Supervision of tracter-òire sorvices should be a oeparete end extrenely 
tapovtant function ef mechenisation service breaches. This function should 
be managed by epecial field supervisors coordinating the prectical operatien 
of geverment-cvned trectore and equipesat. The field ttettor-híre euperviser 
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should have had eubetanctal driving experienes, choulé be responsible fer A 
te 10 trecter operatere, and receive 10 to 20 percent mere ia salary than the 
érivere, 

Tae ebservetions enumerated below are considered germane to the area Af 
trecter-aire operations: 

1. Nactiou of field eupervisors should tacluée (e) coordination of field 
work and appointment of drivere to each job, (b) control the matatenance of 
trectere ané implemento under hie supervision, (c) check ou field adjustmante 
of ímplensats ané give instruction in thie ekill to érivero, (4) euparvise 
drivers’ duties to keep trector loge aad job recorde, end make routíse checks 
ou the tractors ané implements, (e) superviee fuel supplies to the d'ivers, 

(f) maintain honest prectices, (g) preplan field operations with the general 
supervisor; 

2. Field coaditions (a) emallest sise field to be worked at the standard 
rate should be 2 hectares, fields smaller should be eurcherged 50 percent, very 
euall ané irreguler fielde should not be worked, (b) tractore should mot be 
cent to an area having lese than 10 hectares, (c) farmere must guarantee Legd 
euítable for tractor operastion, and field supervisore should make inepection 
for obstacles following farmere” guarantees; 

jJ. Payment (a) contracte must be made in advance vith farmers, (b) pay- 
ment, or e oubetantisl pert, should be in advance, (c) payment may be errenged 
as & debit to cooperative accounte, (d) farmers should eign or otherwise record 
satisfactory completion of work, (e) charges should be on an hourly, rather 
than an eres, basie, (f) charges should be based on economically sound costing 
procedures, and not so heavily subsidised that private operations ere impossible 
ta the seme ares; 

4. Training (a) operators should not.only be licenses drivers but also 
skilled field operatore, (b) mechanice should qualify at appropriate technica) 
schoole and be able to drive on the road, (c) machinery euppliere ehould be 
willing to eesíst in training and selection of operstore, (4) all training 
choulé be om a continuing basie; 

$. Maistenaace support (a) machinery euppliere should be willing to 
provide local repair ané asiatensace facilities; (b) suppliers should stock 
a complete reage of parto, for eupply on demand of at least 85 percent, (c) 
regular replacement neede sboulé be stocked in field vorkehope, (4) mobile 
service trutke eboulé provide emergency field repeire. 


Uu. Pri y 


Mecbenisatien of Private Forno and 
Private Geert of Agricultural Mochinpery 


The reservoir of hunen eksil ené initiative in the private secter of an 
ecoensuy has beca referred to in the United States President's Advisory Cee- 
aittes Asport ou the World feed Problem. Private farm sechenisation can be 
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facilitated with eupervised credit facilities for bona (ide farmers to pur- 
chase equipment. Such fermers should be expected to undergo mistaun treiatag. 
Equipment should be approved by an appropriate committee of the Maier ef ` 
Agticulture; sales agencies shoulé be approved and have adequate grevtotene. 
for repair services aui stocks of spares. 

Wheo a number of private farme in a given locality acquire approved | 
mechanised equipment, the appropriate ministry should appoint a mechenisation 
advisor, one advisor per 25 tractore or tractor-loans in the area should be 
adequate, Wh x a private farmer or contractor becomes self-sufficient, the 
edvisor should shíft his attention to new loan recipiente. 

The mechanization extension advisor should visit tractor owners at least 
once a month. His duties should include: 

l. Providing necessary instruction, checking maintenance, and assisting 
with simple repairs; 

2. Assisting with unusual probleme; 

3. Reporting to the loan agency on the farmers’ progrese with the equip- 
ment, although he should not be responsible for collecting payments. Thie te 
the machinery supplier's responsibility, advice and the collection of dues 
should be seperate. 

Private ownership of machinery can be encouraged by basing purchase ar- ` 
rangemente ou potential incomes of intending purchasers. Interest of private 
eatrepreneure in contract work can be stímulated by an association of machinary 
manufacturere to assist in the purchase of tractore and other agricultural 
implements. Similar aseístance also can be extended to competent hand- and 
aninal-povered farwere to replace or supplement their present power with small 
sngine-powsred tillers or tractors and implements. 


X. Commercial Enterprises as Economic Catalysts 


The differentiated approach to economic development has been described 
by de Wilde 82 an one which ís capable of involving the local faruing community 
in several levels of development simultaneously. With such an approach several 
programs of mechanization can be linked together in an overall plan of develop- 
ment. Such an approach cen simultensously incorporate private enterpríee in 
large and small-scale mechanization programe, private or goverament-spousored 
trector-bire services and an appropriate scheme of improvement for the snel} 
fermers in the area. When one or more large-scale commercial enterprise be- ` 
cones involved, careful planning can enable the developing infrastructure to 
benefit tha suall-ecüle farmers as well, 





| i, vase, ef, al., Experiences with Agricultural Development in Tag- 
pisat Ae, Vol. II, p. 442. 
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With such an appreoaè, itis important to tsclade lasya-ocalo operatoro 
fa planatag frem the outget. The nanagansat of a commercial cencera cenotote 
et well-qualified professionals whose experience can be mest useful. Further, 
profit-wetivetion te escent tal ta commereial enterprises, end euch cooperetion 
cam have a otimulating effect oo the vay public eaterprises are operated. P- 
lic enterprises need not be vholly éepenéent ou eubaiéioo, 


XI. GCeerdinetion af Regional Megearch 

The recommendation to coorétnete research and development of agricultural 
pover and lané use on the basis of regional cooperation between national agri- 
cultural íastícutionse has been presented fa two perte: (1) the temporary es- 
tedlishmant of a working group, within the framework of a council of policy- 
aheri, to vork out operational detaile for region programs and (2) the es- 
tabliskmant of two Aeglonal coordinating uniti, one for eastern and the other 
for weeters Africa, to follow after the function of the working groups is com- 
plete. Tha Asgconal coordinating unilé are cot recommended as permanent ee- 
teblishmante, but rather of fairly short-term duration, sey five years vith 
renewable options, eo thet participant nations are not required initially to 
aska loeg-tere commitments to a program until eufficient time has passed to 
cest ite acceptability. This recommendatiuc on time Le recognised as a com- 
promise between the ussuitability of short-teru comnítuents fa economic develop- 
asat, especially that iavolviag agriculture, and the unvilliagness of govern- 
meate to accept long-term finsacial camitasnts ís s'pportíag nou programs. 

The objectives of éevelopiag regional research are to coordinate work 
designed for selective mechanisatton, to help provide necessary financial sup- 
port end to circulate iaformstiea from research ead development investigations. 
Where agricultural conditions are siailar in different areae withia the regioa, 
duplication of thie kind of work has been cootly. Regional evordinating unite 
should receive financial euppert frem both co-spoasore and participant coun- 
tríes. (Co-spousere would be manbere of the United Matiou” ~iterie the region, 
private fownde’iens, iater-goveramental organísati:.^e euch as FAO, UNDP, IBRD; 
end participoat ceuatríes weuld be cooperat'^g countries witbia the region, 
relevent int ereet ional ané inter-regione] research organisations such as 
LAAF, the 1114, the proposed West African Rice Developasat Association and 
the enlarged East African Naturel Resources Research Council, end inter-regional 
African ergesisations such ae OAU and ECA. l 

It Se probable thar a atglonal coordinating urit voulé be atteched. te 
an appropriato research organisetion withia ite region. The working group 
vould have respousibility te determine the nest app repriste locatione for 
the Aaglennl coordinating wait. The lecations to be considered asy be any (7 
of this Séilen! agtisvitutal tastitotions of participant count rise er taterue- 
dei agricultural iastitetions. there ere a evfficiont ewber of agriesituril 
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iaetitetiene already established in casters and we. tera Africo to (ëgere the 
existence of adequate fe:1líties. Pouatble losetious for investigation ure: 

l. Restoran Africa i 

(e) Rekuru, Konya, (d) Addis Ababe, Ethiopia (tho operational location 
at Bolette), (c) Merogoro, Tensania 

2. Westera Africa 

(e) Accra-llo-Kata Plains, Chana, (>) Temale, Chana, (c) Bouaké, Ivery 
Cocot, (4) Ibadan, Nigeria, (e) Kaduns/Zeríe, Nigeria (f) Banbey, Senegal. 
Fectore for end egeínat national fnotitutioss, and internetional foundations 
euch as the RAAFRO and tte IITA must be considered by each wouhin group. 

Another eres of inquiry for each working group should be the composition 
of the reglonak coordinating units ta eastern and vestern Africa. Dey-to-4ay 
regional affaire would come within the densía of a full- or part-time secretary 
ané otaff, bet a Board of Directors comeleting of representatives from parti- 
cipant ceustries ané tbe co-.,onsore could be eppoipn*ted to direct the general 
policy of the 2egional coordinating urili. Such a Board er evolve saturally 
from the functions of the original council of policy-makers. 

In exploring the possibilities of encouraging ané coordinating regionel 
facilities for research aad development in agricultural power ané lané use, 
the follewiag poíate are likely to favor their acceptance and cont iavence: 

1. tetablishedé institutione should be strengthened and incorporated iato 
the research programe end; 

2. Univereities should be regarded as particulerly appropriate institu- 
tions fer research work, in cooperation with national research institutions, 
because of their relatively eteble existance, longevity, and contact with stu- 
dente going iato agriculture] professions; 

3. Wherever prestige fe involved, it should be eccorded te aational inst! 
tutions is preference to faterustional institutions; 

4. Distribution ef research ebould attempt to -‘ve equality ia prestige 
to participating nations; 

5. Africam policy-makers should be involved ané committed to functional 
plane te coordinate regional research; 

6. Shert-ters commitments are likely te be more attractive te potential 
participante, at least in the initiation phases; 

7. Amy íscliastion te create regioaal ceaters should be eveiéed unless 
epecifically charged to do eo by co-eponsore and participante operating through 
the council of policy-makers; 

8. Mechesisation research and developasnt sections aay prove acet effec- 
tive when grafted ento functioning national research centers. This te par- 
ticularly app icedle where cational or isteraetioss] coamodity restarch centers 
already have been eoteblished. Indeed, the premetionet c mmedity-er lente 
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"research may be uero uessísgful ia geseratiag iaformation on applied machani- 
zation than promoting research purely ia mechanization without befag linked 
into a specific product; 

9 Coordinating research on a regional basie can drew together extremely 
weful laformetion from commodity research institutions and eleewhere for 
machinery manufecturers who are not themselves ina position to gather this 
information; 

10. Coor’inating regional research should serit the active support of 
Equatorial African neticnal governments, governments of nations involwed in 
bilateral and multi-leteral technical sseistance programs in Equatorial Africa, 
eod machinery manufacturers with market interests in Equatorial Africa. 


XII. Preparation of Textbooks and 
Teaching Manusle 


The objective in supporting programs to prepare taxtbooke, teaching man- 
vale, end instructional pamphlets is to provide sound bases of factual infor- 
mation for agricultural education at all levels, and for research. Such pro- 
grans should ínclude: 

1. Textbooks should be prepared from African sources of data and involve 
eignificant African authoreh‘p; 

2. The proposal should contain sufficient prestige and other incentives 
to attract capable writers; 

3. The proposal should contain provisione to assist African writere 
wherdver skills are inadequate; 

4, The proposal should contain methods and media to make relevant aater- 
iel available to farmers, while the sore technical information would be for 
etudente, teschers, and extension workers at all levcle. 

The implementation of a program to prepare such literature would be en- 
hanced by: (a) African sponsorship, (b) appropriate advisory committees 
selected from the geographical regione of Africa, (c) major authorshíp accre- 
dited to Africans, (d) substantial share of royalties paid to the Afrícan 
authors, (e) foreign advisors or authors being limited, when possible, to the 
authorship of the first edition, (f) books published in Africa, (g) books 
published firet in English or French and, subsequently, in the major 
‘languages of the region, (h) facilities provided for the working authore to 
meet in conference at least annually, (1) drawinge and pictorial il'ustrationi 
provided as needed. 
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AGRICULTURAL MECHANIZATION IN 


EQUATORTAL AFRICA 


PART TWO 


A DOCUMENTARY FIELD STUDY 


PART TWO 


PREFACE 


When man began using stone tools, he became an innovator and using his 
ingenuity to make his work easier. Mechanization, when defined broadly as 
in this Study, includes the use of hend tools, animal implements and engine 
power. There is no question that mechanization will be employed; the ques- 
tion is at what level and to what degree. These questions do not seem diffi- 
cult to answer until one considers that agriculture is only one aspect to be 
considered and that mechanization is but a small segment of agriculture. In 
other words, questions about mechanized agriculture must be considered in re- 
lation to much broader social, economic, and political issues. Thus, the 
interrelations become very complex. Undoubtedly there is no single or simple 
path to development. The role of mechanization in agricultural development 
will continue to be a matter of opinion and conjecture. 

Part Two of this report presents the data collected by the Study team. 
It ís an attempt to describe the present agricultural systems in Equatorial 
Africa and to view mechanization in proper perspective. Much sifting of in- 
formation was necessary to attempt to separate the relevant from the irrele- 
vant and facts from opinions. In Chapter II the various levels of mechaniza- 
tion (hand, animal, engine) are considered and in Chapter III the various oper- 
ations (tillage, planting, weeding, harvesting, processing) are discussed. 
Liberal use of photographs with extensive descriptive captions are included 
to help describe the present systems. 

Chapter IV contains the analyses of present systems and leads to Chapter 
V which suggests improved technology for the future and leads to the Recom- 
mendations and Guidelines presented in Part One. 

It is the hope of the authors that this compilation of information and 
analyses will lead to more effective utilization of mechanization in agricul- 


ture. 
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CHAPTER I 


INTRODUCTION 


The Nature of a Mechanization Study 


The peoples of the African nations are anxious to develop their econ- 
omies so that the majorities of their populations are released from the stric- 
tures of subsistence livelihoods. History of the more advanced nations of 
the world gives adequate evidence that such aspirations are not beyond the 
realms of practical and economic realization. Moreover, growing interest in 
international cooperation has led to tle availability of many facilities for 
the sharing of applied and adaptive research to assist in the development of 
African economies. 

African economies are primarily agricultural. The key to eccnomic devel- 
opment for these nations lies nov in raising the productivity of the agricul- 
tural population. However, such expansion cannot be achieved in Africa with- 
out a concomitant expansion in effective demand for agricultural produce. 

Agriculture is defined by the United States President's Science Advisory 
Committee as "the utilization of biological processes, on farms, to produce 
food and other products useful to uan", ! In the same report the Committee 
emphasizes the dual role of economic development in the world's agricultural 
nations: raising agricultural productivity (production) and increasing general 
prosperity (effective demand), in order to alleviate the critical shortages of 
th ‘World Food Problem".” 

Agricultural production can be raísed either by bringing more land under 
cultivation or by increasing the productivity of land already under cultiva- 
tion. Therefore, understanding the complex technical and economic interrela- 
tionships of agricultural productive processes and the way these processes can 
be modified to raise the agricultural production of the African nations is 
vital to a mechanization study. The emphasis of this Study lies within the 


technical and economic limits of the productive processes. 





lPresident's Science Advisory Committee, The World Food Problem (Wash- 
ington, D.C. : U.S. Government Printing Office, May, 1967), Vol. I, p. 60. 


ŽuThe cornerstone of economic progress of any nation is the development 
of its natural resources and manpower. Many of the developing nations must 
concentrate on agricultural resources as the foundation for building self- 
sustaining, productive national economies. Conversely, the growth of the 
entire national economy will be essential in the future to increase agri- 
cultural production, which vill depend critically on the farmer's ability to 
purchase fertilizers, tools, high-yielding seeds, pest controls, and irri- 
gation water. To be able to purchase the required materials, farmers will 
need to sell a major proportion of their harvests, which means that there 
must be increasingly prosperous customers who can buy farm products." 

Ibid., p. 13. 
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The significance of effective demand must not be neg£ected. Changing 
certain technical inputs in the productive processes is unly part of the over- 
all economic picture, and considering only the mecitanization of the productive 
processes without also giving consideration to the problem of increasing demand 
for the resultant increase in production becomes a self-defeating exercise. 

In the process of national development, commercialization of the agricultural 
sector and widening the distribution of income among potential consumers must 
be concomitant factors to mechanization since raising productivity leads to the 
production of surplus beyond the immediate demands of the farmer and his family. 
Thus, it is reasonable to assert that mechanization of the productive processes 
will involve the farmer in higher costs which have to be met out of resulting 
increases in income if there is an adequate effective demand. Such demand may 
be stimulated by appropriate economic policies. If this consideration is neg- 
lected, a proposed program of mechanization may very quickly run into problems 
of surplus production. The outcome will be to declare the scheme a failure 
when, in fact, the scheme itself may have been technically far from being a 
failure, only the planning horizon had been too limited in perception of the 
problem. 

Commercialization involves the farmer in producing for a market in which 
effective demand also guides the producer's activities: this is an additional 
factor to the skills, abilities, and availability of resources used by the 
farmer in his productive processes. The market structure must be adequate 
primarily to facilitate the flow of produce from producer to consumer and, as 
commercialization becomes more sophisticated, to relay changes in effective 
demand to the producer in such a way that he can make adjustments to his pro- 
ductive processes, 

Within thís framework mechanization assumes a broad perspective.  Mecha- 
nized technology can be applied to productíon, movement of produce through 
market channels and to its being processed into convenient forms for consumers. 
However, in the earlier stages of a nation's development, mechanized technology 
in the productive processes generally takes precedence; farmers and agricultural 
scientists concentrate on experimenting with any new facilities of mechanized 
farm power; and the market is generally not sufficiently developed to provide 
reliable incentives for commercial production. 

The large majority of African small farmers generate their oun farm power. 
Estimates from a sample survey taken in Ghana in 1963 show that 99,51 percent 
of agricultural power was hand power; the balance consisted of 0.14 percent 


animal power and 0.35 percent engine power.” 





Svalter Birmingham, I. Neustadt, and E.N. Omaboe, A Study of Contem- 
porary Ghana, Vol. I:The Economy of Gnana (London: George Allen and Unwin, Ltd., 
1966), p. 222. 
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Utilization of machinery can increase the output of a single 
man by many times. The output of a man is rated at k horsepower, 
therefore when this man is efficiently operating a Massey-Ferguson 
165 tractor with approximately 45 drawbar horsepower, with propgrly 
matched equipment, ke can theoretically do the work of 180 men. 


Generally it appears that the productivity of labor and land can be in- 
creased by the assistance of mechanized power. Assuming the production function 
of the traditional economy cannot be reorganized easily to be more economically 
efficient and that availability of hand labor remains fixed, mechanical as- 
sistance becomes essential to increasing the input of power into African agri- 
culture. Moreover, there is no immediate land scarcity in Africa, but the 
Anereasing costs of clearing additional Land require that much of the effort 
to increase agricultural production should be concentrated on Land already 
under cultivation.” Contemporary judgment in the present decade suggests that, 
in fact, agricultural expansion during the last decade has been obtained 
generally by expanding the area of land under cultivation.” Whether 
agricultural production in Africa is to be increased by bringing new areas 
under cultivation or by the intensification of cultivation on land in current 
production, it is general opinion with some supporting evidence that there is 
a dearth of farm power in Africa.’ 


In the developing free world, more machinery is badly needed -- 
not as a labor saving device, but to increase productivity. At the 
present time, machine power available to the farmers of Asía, Africa 
and Latin America averages only a fraction of the more than o.e horse- 
power per hectare utilized Ly the farmers of Europe and the United 
States. This lack of power makes it difficult to prepare seed beds 
efficiently and timely and to place seed and fertilizer accurately, 
both of which can contribute markedly to improve yields and the eco- 
nomical utilization of these inputs. Although there are one or two 
exceptions, an analysis of yields in various countries indicates that 
a power level approaching 0.5 horsepower per hectare is needed for 
an efficient agriculture. 


Ae 3. Shambaugh, Jr., Summary of the Developments <n Progressive Mech- 
auzation for the Hand Fanmens and Mixed Farmers tn the Savannah of Northern 
Nigeria (mimeographed) USAID Project No. 620-11-190-771, Special Report No. 
68~4 (Maiduguri, Nigeria: The Industrial Development Centre, February, 1968), 
p. l. 

5 


p. 19. 
6 bid, Vol. LI Pe 378. 


lit has been estimated that it visi Se necessary co iucrc6asiu Africuu crac- 


President's Science Advisory Committee, The World Food Problem, Vol. I, 


tor utilization by .44 hp./ha. to meet the Alpin, c :quiresent of 0.3 hp. ba, 
by 1998. 

GN, Giles, "Agriculture. Power anu Esaipness ," 'veslaent/s Jeune. 
Advisory Committee, The (mua Fouad Pic vwe. oi. Ll, v. 192, 

e EE Science aevssory lovwitte, The vossa Forel taunt, "ot, L, 


p. H7. 


The Study was confined to Equatorial Africa and, while some generalization 
are possible, most information obtained from one country should be used only 
as descriptive of conditions in that particular country. Where geographical, 
agronomic and climatic conditions are similar, a transference of agricultural 
experience is feasible; but recognition must be given to the fact that differer 
sociological and political situations impinge on technological situations. 
Thus, generalizations are presented only circumspectly, recognizing the es- 
sential need for adaptive research 

- + « to gain an understanding of the principles governing plant 

and animal production under the conditions, soils, and climates 

existing in developing countries. . . The products of technology and 

"know-how" cannot be transferred directly to the developing nations. 

The purpose of mechanization in Equatorial African agriculture is the 
raising of productivity. Since agricultural power used in Africa is over- 
whelmingly that of human muscle and to a lesser extent, animal power, the 
definition of mechanization, for the purposes of the Study, includes any form 
of mechanical assistance used by the farmer, whether in the forms of hand- 


powered, animal-powered, or engine-powered technology. 


The Fundamental Importance of Soil and Crop Management 


While mechanization is admittedly an essential factor for increasing agri- 
cultural productivity, its success is dependent on good management in relation 
to suitable soils and crops. Any increased benefits, usually in the form of 
cash sales, from the increase in crop production due to a new source of farm 
power must pay for the new farm power. Increases in crop production can result 
from higher yields and/or greater areas under cultivation. 

A soil and land use inventory followed by scientific soil suitability 
3tudies for the major crops becomes essential for cultivation management 
studies, including improved mechanization Systems. In Africa, the introduction 
of scientific soil and crop management work began late. One of the first 
scientific field studies of soils and vegetation in Africa was made by Shantz 
and Marbut, 10 Before this time, many field experiments were conducted and 
many laboratory analyses were made, but they were not related to soil classifi- 
cation and mapping; their results could not be extended to geographic areas of 
application. (Dr.] Marbut concluded that soil and land-use surveys should be 
the basis of scientific use of the land. 

The Imperial (now Commonwealth) Bureau of Soil Science was established in 
1927 in the United Kingdom. In 1930 the report of the Bureau stated: 


n»»Ó—— 


"bid. ,Vol. I,p. 20. 


Din L. Shantz and C.F. Marbut, Vegetation and Soils ng Afzica (American 
Geographical Society, 1923). 


"Soil maps will be constructed for all experiment stations and of the 
districts around then, "1? 
The importance of soil surveys and climate as factors in agricultural 


development is emphasized by the FA0/1BRp:!* 


What are the types of soils? What soil surveys have been 
carried out? Give major characteristics and classifications 
resulting from these surveys. Fertility and suitability for 
proposed types of farming and for irrigation. Will there be a 
draínage problem?. . . Give rainfall, temperature, and other 
climatic data relevant for proposed crop production. 


Support for this position comes from other sources: 


The failure of the great East African Groundnut Scheme in 
1949-1950, [totaling 1.3 million hectares, mostly in southern 
Tanzania] . . .must be ascribed in large measure to a lack of 
accurate knowledge of soils and their behavior under new 
methods of cultivation. It is an index both of continued 
ignorance of tropical soíls and of the costliness of that 
continued ignorance. 


It is recommended to the governments [of East Africa] that 
land-use, farming, and economic surveys be carried out, and 
after it has been ascertained scientifically and technical- 
ly that the development programs have a reasonable chance 
of success, only then should further orders for tractors 
and equipment be placed. 2" 


The Potential Productivity of Tropical Soils 


The potential crop yields in the tropics in general are 
decidedly higher than those in the temperate zones. Thus, 
if incentives and other requirements for production are 
satisfied, the tropical world can greatly outproduce the 
temperate world. 


It has been claimed that tropical soils are 'worn out' and 
that the tropics are doomed to a future of low productivity and 
rural poverty. There is an abundant body of knowledge today, 


H cecil F. Charter, The Organization of Soil Surveys in British West 
Africa (mimeographed), Communication No. B(g)9, Soil Survey Division (The 
Gold Coast: Department of Agriculture, 1930), p. 1-10. 


V ood and Agricultural Organization and the International Bank for 
Reconstruction and Development, Cooperative Program, Outlines for Projects 
to be Presented for Financing (Rome: United Nations Organizacion, September, 
1967), p. 1. 


— Dudley Stamp, Africa: A Study in Tropical Development (New York: 
John Wiley and Sons, 1964), p. 88. 

“Minutes of the Meeting of the East African Machinery Specialist 
Committee (Serere, Uganda: EAAFRO, Nov. 18-20, 1963), p. 9. 

e Robert F. Chandler, Jr., Challenges in Meeting the Agricultural Needs 


of the Tropical World (Address presented at the First Annual Conference of 
the College of Tropical Agriculture, Honolulu, Hawaii, January 5, 1966), p. 3. 
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however, to show that the old, weathered depleted tropical soils 
can be rejuvenated by the appliration of good management prin- 
ciples including fertilizer application. l 


Bush Fallow 


African farmers traditionally have adjusted their cropping systems to ob- 
tain essential plant nutrients from soil minerals. The present system of cul- 
tivation observed in contemporary Africa is known as bush fallow or shifting 
cultivation. For a subsistence agriculture with very low inputs and low out- 
puts, no one has yet suggested improvements. However, with soils derived from 
granite, and at least 102 cm. of annual rainfall, such a system cannot support 
more than 7 to 10 persons per square kilometer; with soils derived from 
]imestone, twice this density can be supported, 17 

In the countries covered by the Study, the least dense population is in 
Tanzania with ten persons per square kilometer; the most dense is Nigeria with 
44 persons. Since at least 75 percent of the population is engaged in agri- 
culture, the logical assumption is that bush fallow is a luxury which cannot 
be afforded any longer. The alternative to bush fullow is scientific manage- 
ment of all factors of production, starting with selection of socks that ane 
most responsive and managing them scientifically with 20th century inputs. ay 

Scientific soil management in the Tropics, however, depends upon adapting 
ecologically-oriented field research that was conducted under similar soil and 
climatic conditions. Scientific field research in the Tropics is rare and 
difficult, especially that involving a comparison between systems of bush 
fallow with the traditional hand hoe and systems of continuous tillage with 
crop rotation, 20th century inputs, and tractor power. 

In Ghana, the CSIR has conducted long-term field trials comparing tradi- 
tional agriculture with moder tractor farming.” For traditional farming 
field trials, the wild bush was cleared from a plot and planted with two crops 


of maize (corn) a year for three years. The crop seasons and resultant yields 


161644. , ba ds 


"Richard Bradfield, "The Future of Soils and Crop Research in the Tropics", 
Symposium: Fertilizers and Their Use in the Tropics, Proceedings, Soil and Crop 
Science Society of Florida, Vol. XXIV, 1966, p. 302. 


1B nder most soil conditions prevailing in both the rain-forest and the sa- 
vannah in Ghana and Nigeria, raising cultivated crops for a period of two years 
followed by fallow for ten years should permit sufficient soil nutrients to 
maintain crop production levels to feed up to ten persons per square kilometer. 

P.H. Nye, "African Experience in the Use of Fertilizers in the Production 
of Basic Food Crops", Symposium: Fertilizers and Their Use in the Tropics, P^o- 
ceedings, Soit and Crop Science Society of Florida, Vol. XXVI, 1966, p. 306. 


wé? Miller, Report on the Agronomic Work Carried Out at Kwadaso Central 
Agricultural Station Up to Second Season, 1960 (mimeographed) (Accra: Ministry 
of Agriculture, January, 1962), Part II, p. 3. 
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are shown in Table 1.1, The research scientists abandoned the experiment be- 


cause of low maize yields due to soil exhaustion. 


TABLE I.1 GHANA: SINGLE-CROPPING MAIZE FOR THREE CONTINUOUS YEARS IN 
TRADITIONAL FARMING FIELD TRIALS 





Yield of 
Season Grain 


Traditional agriculture was then redefined to include one year in field 


crops and five years in wild bush. The crops grown were cassava, yam, plan- 
tain, cocoyam, and maize (corn). ^d 

In comparison with this, traditional agriculture was tractorized crop- 
rotation agriculture, consisting of a five-year rotation (1954-1958) repeated 
for an additional five year period (1959-1963) .?! The cropping sequence is 
contained in Table I.2. 

In summary, "The average cost of tractor work on the three crops: maize, 
groundnuts, cassava, was about six to seven Ghanaian pounds per acre [$41.51 
to $48.43 per ha.]. Hand work, on the other hand, was about twice thia 
flgure for maize and groundnut, and three times for cassava". ^^ 

Following three years, crops of elephant grass and maize were planted in 
rotation and always there was a depression in yields. In modern farming, one 
common explanation is that additional nitrogenous fertilizer is needed for 
maize because of the wide carbon-to-nitrogen ratio of elephant grass residue. 

Traditional systems of farming appear similar throughout Equatorial 
Africa except in the highlands of Ethiopia, Kenya and Tanzania. A sample 
survey of the typical tropical traditional cropping system in Ghana provides 
germane information. 

According to the 1963 sample survey, ^) the average field in Ghana is 


cleared and cultivated with hand hoe, axe, and cutlass for two years, then is 


20 bidu E 
21 Ibid., p. 9-35. 


22 Average annual rainfall at Kumasi, where this experiment was conducted, 
is 150.5 cm. and the soil was Kumasi well-drained sandy loam derived from the 
Cape Coast granites. 

Ibid., p. 18. 


2354 rminghan, et al., op.cit., pp. 223-5. 
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TABLE I.2 GHANA:CROPPING SEQUENCES FOR TRACTORIZED CROP ROTATION EXPERIMENTS 


Cropping Season Cropping Sequence 


First Maize (corn) 
Second Groundnut (peanut) 


First Maize (corn) 
Second Cassava 


First Cassava 
Second Cassava 


First Elephant grass 
Second Elephant grass 


First Elephant grass 
Second Elephant grass 





allowed to lie fallow in wild bush for six years. Variations in this practice 
exist, depending upon the relative. population pressure on the land. In areas 
of low population pressure, such as in central and northern Ghana, farmers may 
clear this land and grow field crops for two to three years among large trees 
and stumps, then allow wild bush to occupy the area for 15 to 20 years before 
it is again cleared and cropped. By contrast, near Accra where population 
pressure is heavy, many fields are cultivated almost every year. Likewise, 
small garden plots around individual homes and near villages may be cropped 
to vegetables and tree food crops almost continuously. To keep these tropical 
soils productive under such intensive use, animal manures, forest tree litter, 
and composts are used. Very seldom are chemical fertilizers used, although a 
few experiments and demonstrations have proved their efficacy. | 

The sample survey also indicated that the average Ghanaian farmer generally 
tended cultivated crops in two separate locations, one near his village and the 
other in the bush. At each location (farm) he had two fields each 0.61 hectares 
in area. Each field was cropped for two years on the average and left in bush 
to rejuvenate the soil for a period of six years. During any one year the 
average farmer would grow crops on only 0.61 hectares. Details of the sample 


Survey are given ín Table I.3. 
Soil Management 


Soils in Equatorial Africa have been managed as wisely as available 
research, extension and the eductional level of the farmer permitted. More 
scientific and economic answers must now be provided to such fundamental 
questions as: 

l. When pressure of population dictates a more intensive use of the 
soil, what is a satisfactory alternative to the bush fallow (shifting culti- 
vation) system? 


TABLE I.3 GHANA: THE COMMON BUSH FALLOW (SHIFTING CULTIVATION) CROPPING SYSTEM 





OF THE AVERAGE FARMER 





Village Farm 


(Two fields) Two fields 


Year 0.61 hectares 0.61 hectares 0.61 hectares 0.61 hectares 


1 
2 
3 
4 
5 
6 
7 
8 


Field crops 
Field crops 
Bush fallow 
Bush fallow 
Bush fallow 
Buah fallow 
Bush fallow 
Bush fallow 


Bush fallow 
Bush fallow 
Field crops 
Field crops 
Bush fallow 
Bush fallow 
Bush fallow 
Bush fallow 


Bush fallow 
Bush fallow 
Bush fallow 
Bush fallow 
Field crops 
Field crops 
Bush fallow 
Bush fallow 


Bush fallow 
Bush fallow 
Bush fallow 
Bush fallow 
Bush fallow 
Bush fallow 
Field crops 
Field crops 





2. How can soil structure be maintained and soil erosion be controlled? 
3. Can use of chemical fertilizers maintain or increase crop productivity? 
4. Where a layer of laterite”" exists in the profile, does clear-cutting 
and continuous tillage increase the hazard of hardening? If so, what are the 
critical depths of the laterite layer? Is there a cropping system that can 


be devised to reduce this hazard? 
Restrictive Factors of Crops and Cropping Systems 


Crops and cropping systems modify potential increments in productivity 
that can be contributed by more efficient mechanization systems. On annual 
row crops such as wheat, grain sorghum, pearl millet, and biennial crops such 
as sugarcane and pineapple, for example, better-tempered iron in a hand hoe or 
wider and shallower cultivator shovels on an ox-drawn or tractor-drawn implement 
can result in substantial increases in the area weeded by one farmer and there- 
fore in total production per man. By contrast, with perennial crops such as 
banana, coffee, tea, cocoa, oil palm, cassava, rubber, and cocoyam, the same 
mechanical improvements would make virtually no impact on total production 
because of the small amount of mechanical tillage employable in their cultiva- 


tion. 
25 
Ecological Factors of Climate, Vegetation, and Anthropic Influence 


In Equatorial Africa, wind erosion near the Tropic of Cancer (extending 


across the southern part of the Sahara Desert) and near the Tropic of Capricorn 





^ Laterite is defined and the management of laterite soils in relation to 
mechanization is discussed in Chapter II, pp. 2-151 - 2-164. 


25 V.P. Smith, Weather and Food, Freedom From Hunger Campaign, Basic Study 
No. l (Geneva: World Meteorological Organization, 1962). 
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(the Kalahari Desert) is very serious, and deteriorates yearly because of over- 
grazing by cattle, sheep and goats herded by pastoral nomads. Approaching the 
Equator, rainfall increases and produces progressively, belts of short grasses 
(plains), tall grasses (prairie), tall grasses and short trees (natural 
savannah), tall grasses and tall trees (anthropic or derived savannah), and 
tropical rain-forest as shown in Table 1.4.26 

In western Equatorial Africa, unless the rainfall is very favorably dis- 
trivuted, annual crop production is minimal in areas where the rainfall is less 
than 76.5 cm., because of high evaporation and transpiration. When the annual 
rainfall is more than 153 cm., rain-forests usually exist, topography is most 
often more rolling, the soils are more highly leached, and the most common 
commercial crops are perennial ones grown in small openings in the forest. 
These crops are cocoa, rubber, oil palm, coffee, banana, and cocoyam, with very 
little potential for mechanized production. The greatest potential for greater 
efficiency of farm power, whether by hand, animal, or machine, is in the 102 to 
153 cm. annual rainfall belts where tall grasses and short or tall trees 
(savannah) exist, land is fairly level, and soils are not highly leached. On 
such soils the common annual crops of food, feed, fiber and oilseed are grown, 
including grain sorghum, small millets, maize (corn), cotton, groundnuts (pea- 
nuts), and sesame. 

Despite limited crop culture, erosion by water becomes serious in areas 
receiving less than 76.5 cm. of annual rainfall because of grass burning prac- 
tices and overgrazin by livestock. Moreover, the total annual rainfall in- 
creases inversely the hazards of torrential, gully-washing, flash storms. In 
most areas receiving more than 153 cm. of annual rainfall, very little soil 
erosion takes place because perennial crops are grown in small partial clearings 
in the forest. However, where rural population pressure is great and the rain- 
forest is cleared for large-scale mechanized farming, soil erosion hazards 
exceed those of any other place in the yoran" Erosicn by water has not been 
serious in the 102 to 153 cm. annual rainfall belt in Equatorial Africa because 
of the practice of shifting cultivation which usually exposes bare soil for two 
out of eight years; wild bush growth protects the soil during the other six 
years. On the average, between 5 and 10 percent of the land in this savannah 





26 Although rainfall ig high near the Equator over most of Africa, elevation 
and wind direction are also modifying factors that determine the amount of rain- 
fall. Variations in mean annual rainfall along the Equator in Africa are from 
306 mm. (12 inches) at Chisimaio, Somalia; 1734 mm. (68 inches) at Entebbe, 
Uganda; to 1836 mm. (72 inches)at Kisangani, Congo (Kinshasa); to 2065 mm. 

(81 inches)at Boende, Congo (Kinshasa); to 4182 mm. (164 inches) at Libreville, 
the capital of Gabon. 


27 an example of great population pressure in an area of high rainfall and 
serious erosion is southeastern Nigeria. 
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TABLE I.4 EQUATORIAL AFRICA: MEAN ANNUAL RAINFALL AND TYPES OF VEGETATION 


Mean annual rainfall Type of vegetation 
millimeters 
below 510 Desert and semi-desert 
510 565 Short grasses (plains) 
565 - 1020 Tall grasses (prairie) 
1020 - 1275 Tall grasses and short trees 
(or rural savannah) 
1275 - 1530 Tall grasses and tall trees 
(anthropic or derived savannah) 
above 1530 Rain-forest 





belt is in cultivated crops each year. The remainder is either untouched or 
is lying fallow in wild bush (grasses, weeds, and trees) until the soil has. 


rejuvenated sufficiently to support another cultivated crop. 


General Background 


Mechanization is being introduced into a wide variety of ecologically 
different sítuations and includes a broad range of tools and equipment. Hence, 
it is useful to consider first the numbers of tractors and agricultural machin- 
ery in countries of particular interest. All modern agricultural equipment is 
imported into African countries; data are available but the publications tend 


to be two or three years in arrears, 
Agricultural Tractors 


Data on the numbers of tractors from 1961 to 1967 in the nine countries 
are shown in Table I.5. Kenya has the largest number of agricultural tractors 
and Tanzania ranks second, considerevly lower than Kenya. In Uganda the number 
of tractors has risen rapidly and in the other six countries the numbers of 
tractors are considerably smaller, with a marked increase in Ghana after 1963. 

The 1952-56 averages provide a means of comparing the relative numbers of 
tractors in the decade previous to the 1960's. However, a clearer picture of 
the relative numbers of tractors can be obtained from the indices, illustrated 
in Figure 1.1, of tractors in each of nine countries from 1961 to 1967 relative 
to the numbers of tractors in Kenya in 1961. The number of tractors in Kenya 
is approximately twice the number in Tanzania. There has been a slight decline 
in annual purchases of tractors in Kenya, whereas the numbers increased in all 
the other countries, with the possible exception of Gambia and Senegal where 
the numbers have remained approximately constant. From these data the level 
of tractorization is low in all countries relative to Kenya. Over the period 
the relative increases in the numbers of tractors are substantial: by 1964 the 
number of tractors in Ghana closely approached the numbers in Tanzania; the 
numbers in the Ivory Coast increased twelve tines; the numbers in Ethiopia 
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TABLE I.5  AGRICULTURAL TRACTORS IN NINE AFRICAN pinum Pains - Gate 
Wheel and Crawler Tractors o 


Se — 1952-56 
Country SCH average 
Ethiopia? 


— 


Tanzania 
(Tanganyika 6 









1965 1966 | 1967 
n.d. n.a. n.a. Tied N-as 
393 643 1068 

n.&. 

as te op — 


— — 
— — — 
368 326 n.a. n.a. 
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n.a. 
n.a. 










Wheel 
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n.a. 
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n.a. 


n.a. 






(See notes on the next page.) 
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Source: (Except where otherwise stated) United Nations, Production Year Book (Rome: Food and Agricultural Organi- 
zation, Statistics Division), Vol. XVII (1955), p. 270; Vol. XX (1966), p. 462; Vol. XXI (1967), pp. 465-6. 


“Institute of Agricultural Research, A Preliminary Survey of Mechanized Farms in Ethiopia (Unpublished paper, Addis 
Ababa, 1969). Data for Eritrea are not included in this report. 


Piot available during course of tne Study. 


“Two-year average corrected to the sum of two sub-totals. 


“kenya data are foz large scale mechanized farming. Tractozs on settlements, government agencies and small-scale farms 


are omitted. Their inclusion would raise the total by about 11.3 percent. International Bank for Reconstruction and 
Development, Permanent Mission in Eastern Africa, Agricultural Mechanizatcon tn East African Countries (mimeographed), Report 
No. 3 (Nairobi: Agricultural Development Service, July, 1966), Tables 7A and 7B. 


e 
Government-owned tractors only. 


t estimate taken from Malcolm J. Purvis, Investment Opportwuities in Mechanized Farming: A Study of the Economics of 
T^acton Use in Oyo Divisions of the Western State (mimeographed) (Ibadan: Nigerian Institute of Social and Economic 
Research, Consortium for the Study of Nigerian Rural Development, June, 1968), p. 2. 


SEstimated numbers taken from W.T. Brown, P. Evans-Jones and D.J. Innes, "Implements," Chapter 17 in David Stephen 
(ed.), Agriculture in Uganda (Revised edition, 1968). 
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FIGURE 1.1 Indices of Total Tractor Numbers in Nine Equatorial 


African Countries 
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increased almost four times; and the Nigerian numbers doubled. 

Data presented in Table I.5 consist of both crawler and wheel tractors. 
Many crawler agrícultural tractors are used mainly in the preparation of land 
for agricultural purposes. Thus, the data for wheel tractors probably are a 
more accurate measure of the actual level of engine-power employed in agri- 
cultural production but the separation of the data into these two categories 


is incomplete. 
Importations: Agricultural Tractors, Agricultural Machinery, Total Imports 


The number of tractors operating in a country is a rough measure of the 
level of agricultural engine-power in use. Perhaps more demonstrative of a 
country's willingness to invest in mechanized agricultural technology is the 
relative level of resources currently being spent on tractors and agricultural 
implements. The number of tractors in a country reflects to some extent the 
past policies of commercial agricultural enterprises and of governments. The 
level of importations, especially relative to the level of total importations 
into the country, is a fairly accurate indicator of current trends in agri- 
cultural mechanization with modern engine-powered equipment. Table I.6 shows 
these basic data for importations from 1960 to 1967. 

The indices of importation for agricultural machinery (using Kenya 1961 
data as the index base) are illustrated in Figure 1.2. These relative values 
fluctuate quite widely over the period. Ghana is the largest importer al- 
though the trend in the importation of agricultural machinery falls very 
slightly, Trends in the importation of agricultural machinery rise for 
Ethiopia, the Ivory Coast, Kenya, Tanzania, and Uganda; countries with fall- 
ing trends are Nigeria and Senegal; the trend for Gambia is constant at a low 
level. 

These data could be adjusted by a price index for tractors and farm 
implements. ge The level of prices in exporting countries rose by the follow- 
ing percentages during the period 1960 to 1965: Canada, 12.4 percent; France, 
8.0 percent; Germany, 11.0 percent; USA, 6.2 percent. a However, adjustments 
for changes in price levels are unlikely to change the relative positions of 
African imports significantly. 

Together the data contained in Tables 1.5 and 1.6 may be used to show 
proportions spent on tractors and agricultural machinery relative to total im- 


ports and illustrate the following trends in the mechanization of agriculture: 





2B united Nations, Trade Year Book 1966, Vol. XX, p. 612. 


2? nata for other tractor and machinery exporting countries are not 
available from the source cited above. 
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TABLE I. 6 IMPORTATION OF AGRICULTURAL TRACTORS, ALL AGRICULTURAL MACHINERY, AN 


D TOTAL IMPORTS 1960 - 1967 
Country | Item 1960 1961 


1964 1965 1966 






































1967 
Ethiopia Tractors? —- quantity l 
-- value 
All machinery -- value 






Total value of all imports 






Tractors -- quantity 
~- value 
All machinery -- value 






Total value of ali imports 






Tractors -- quantity 
-- value 
All machinery -- value 







Total value of all imports 









Ivory Coast Tractors -- quantity 
-- value 
All machinery -- value 







Total value of all imports 





Kenya Tractors -- quantity 
-- value 
All machinery -- value 


Total value of all im 







orts 





Nigeria Tractors -- quantity 
-- value 
All machinery -- value 


Total value of all imports 









Senegal Tractors -- quantity 
-- value 
All machinery -- value 
Total value or all imports n.a. 






14.0 
1561 1717 1643 





(Table continued on next page.) 
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TABLE I.6 continued 


Tanzania Tractors -- quantity 
(Tanganyika & -- value 


Vol. 


All machinery -- value 


Tractors -- quantity 

-- value 
All machinery -- value 
Total value of all imports 





Source: (Where not otherwise stated) United Nations, Trade Year Book (Rome: Food and Agricultural Organization) 
XVI (1962), pp. 35-6; Vol. XVII (1964), p. 31; Vol. XVIII (1965), p. 55; Vol. XX (1966), p. 345 & pp. 400-414. 


a. Data supplied by FAO Resident Representative in Addis Ababa. 
b. Not available during course of the Study. 
c. All values in U.S. $100,000. 


d. Imperial Ethiopian Government, Statistical Abstracts, 1966 (Addis Ababa: Central Statistical Office, 1967), 
110. 


e. Machinery only -- does not include tractors. 


f. Republic of Kenya, Ministry of Economic Planning and Development, Statistical Division, Kenya Statistical 


Digest (Nairobi: Government Printer, 1968). 


g. Federal Republic of Nigeria, Federal Office of Statistics, Nigerian Trade Summary (Lagos: Federal Ministry of 


Information Printing Division, December, 1967), p. 134. 


h. Republic of Uganda, Ministry of Planning and Economic Development, Statistical Division, 1967 Statistical 


Abs tract (Entebbe: Government Printer, 1967), p. 23. 


i. Interpolated. 
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FIGURE 1.2 Indices of Agricultural Machinery Importations 
in Nine Equatorial African Countries 
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Ethiopia There has been a substantial increase in tractor imports but 
tractors comprise a diminishing proportion of total agricultural machinery 
imports which have increased slightly. 

Gambia There has been a slight decline in agricultural machinery im- 
ports relative to total imports; the number of tractors imported has declined 
both in proportion to numbers in the country and in proportion to other 
agricultural machinery. 

Ghana Although fluctuating, the proportiou of total agricultural mach- 
inery imports tended to be constant; tractor proportions substantially in- 
creased with a tremendous boost in 1961. 

Ivory Coast The relative value of agricultural machinery to other im- 
ports has remained fairly constant. 

Kenya Agricultural machinery imports have gradually increased in rela- 
tion to total imports, with a gradual increase in both the number of tractors 
imported and their proportion in total agricultural machinery imports. 

Nigeria The relative proportions of both tractor and all agricultural 
machinery importe have remained at a constant low level among total imports; 
tractor imports ranged from about one-half to two-thirds of the total value 
of agricultural machinery imports. 

Senegal The relative proportion of agricultural machinery imports to 
total imports remained fairly constant at a low level; there was a sub- 
stantial increase ín the value of tractor imports relative to the value of 
total agricultural machinery imports. 

Tanzania Agricultural machinery imports remained a fairly constant pro- 
portion of total imports; tractor proportions of agricultural imports in- 
creased. 

Uganda Agricultural machinery remained a fairly low percentage of total 
imports, tending to decline slightly; tractor imports were a substantial pro- 


portion of total agricultural machinery imports. 
Selected Data on Engine Power 


The schemes used to introduce tractors and engine-powered implements into 
the different countries have met with a variety of experiences. Most of the 
schemes were government sponsored; some isolated cases involved private enter- 

30 
prise. 

Selected data on tractor operational costs are presented in Table I.7. 
They are presented in tabular form for conciseness but not for exact compari- 


son. They are, in fact, taken from a variety of agricultural conditions and 


307he vast reservoir of skill, knowledge, and productive potential which 
lies dormant in the private sector of the economy is emphasized in the report 
of the President's Science Advisory Committee, The World Food Problem, Vol. I, 
p. 36. 
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types of schemes experienced during different working years and using differ- 
ent types of equipment. With the paucity of economic data on mechanization 
in Equatorial Africa this remains the best available information on tractor 
costs for comparing the experiences of different countries. Rough comparisons 
are permissible and small adjustments have been introduced to make the cost 
structures slightly more compatible. However, variability in methods of cost- 
ing and the difficulty of putting data from different countries into a com- 
parative basis make almost meaningless any attempt to relate capacities for 
similar operations in different countries. 

Because these data are from widely scattered sources, accuracy is open 
to question and the lack of statistical significance in most cases leaves 
some doubt regarding the validity of general conclusions. Nevertheless, it is 
from these data and from similar information on field operational capacities 
that general conclusions are being drawn for future planning for lack of more 
systematic information. The need to establish working procedures don record- 
Ang operational data and the consciencious effort of those involved in record- 
keeping and cost accounting cannot be overemphasized. Furthermore, cost 
estimates must be brought up-to-date frequently in order to accommodate price 
changes in expendable inputs and to relate operational costs to fluctuation 
in the prices of produce, especially in the export market. Depreciation 
charges vary widely and usually are correlated negatively to the number of 
annual operating hours for the tractor; this is an important factor in re- 
ducing the total operating costs for tractor operations Al In a number of 
cases operating hours were used as recommended by the manufacturers despite 
the fact that tractors are seldom used to full capacity in Africa. To cal- 
culate depreciation costs on a fictitious basis is misleading; attempts must 
be made to determine the actual number of workinj hours and the costs of oper- 
ating agricultural machinery in particular situations. 

The data presented in Table I.7 cover only a few isolated cases in each 
country. Cost items shown are roughly comparable. Data from most private 
farmerB were not included because of a general failure to include administra- 
tive costs, but the two included private contractors in Kenya provided useful 
information. 

Comparison of similar operations in different countries invites questions 
about the differences in costs. Such questions can be answered only by cate- 
ful comparative studies on the nature and conditions of operations and, at 
the same time, standardizing costing procedure as closely as possible between 
the countries. 





3lu p. Wadhwa, "Improving of Efficiency on a Mechanized Farm", The 
Ghana Farmer, Vol. IX, No. 4, November, 1965, pp. 156-80. 


2-20 


The data so far under discussion represent, despite their broad sweep, 

a rough approximation of only about 3 to 4 percent of the entire agricultural 
area of the countries from which they have been derived.32 The data on hand- 
and animal-powered farming come from a variety of case studies, independent 
and scattered observations of small-scale farmers. Despite the overwhelming 
numbers of small farmers, it is impossible to cbtain a whole picture of any 
pattern of agriculture from the data available: the data are spotty and in- 
complete. However, this sector of agriculture is so Large that it cannot be 
ignored. 


Selected Data on Operating Hand and Animal Power 


It is not easy to bring together comparable data on the farming opera- 
tions of the small farmer. In the areas where hand labor is traditional much 
of the production data are given in terms of total labor requirements for 
each of the crops. From such information, the relative costs of production 
for different crops can be estimated in terms of total man-hours, but it is 
difficult to make comparisons between different operations within the pro- 
ductive process. Also, in a hand-labor economy it is the work potential of 
the total family which indicates the capabilities of the farm unit rather than 
the total number of persons in the farmer's family, 2 Thus, despite the 
possibility of establishing an average for observations, actual cultivation 
capacities vary widely between local families. 

The data presented in Table I.8 are all drawn from Nigerian sources. 

The first four cases are from comparative experiments conducted by Shambaugh 
under experimental conditions. The fifth and sixth cases have been taken 
from Laurent's study of farning in northern Nigeria where the use of oxen has 
expanded quite dramatically: 

Between 1945 and 1956, the number of 'mixed' farms (those 


having oxen) increased from 2,400 to 15,000 and by 1965 there 
were an estimated 36,000 such farms.34 


32Tt has been estimated that the total agricultural area under tractor 
cultivation in Ethiopia amounts to about 3 percent of the total agricultural 
area of the country. (Institute of Agricultural Research, A Preliminary Sur- 
vey of Mechanized Fanms in Ethiopia.) In the case of Kenya the majority of 
tractors on private lands are employed on large scale farms which comprised 
4.6 percent of total agricultural land in 1966. Republic of Kenya, Ministry of 
Economic Planning and Development, Statistics Division, Statistical Abstract 
1967 (Nairobi: Government Printer, August, 1967), pp. 72 and 79. 


330, J.N. Gibbs, An Economic Study ad Three Villages in Bauchi Province 
(mimeographed) (Samaru, Nigeria:  Ahmadu Bello University, Institute for Agri- 
cultural Research, Rural Economy Research Unit (RERU), August, 1968), pp. 10-12, 


34 c.K. Laurent, "The Use of Bullocks for Power on Farms in Northern 
Nigeria", Bulletin of Rural Economics and Soctology, Vol. III, No. 2, 
October, 1968, p. 235. 
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TABLE I.7 SELECTED DATA ON TRACTOR OPERATIONAL COSTS IN FIVE EQUATORIAL AFRICAN COUNTRIES 


Description of tractor 
operation and costs 













Year of operation 1967 1967-9 















1964-5 1964-6 
Tractor size 
(engine h.p.) 50-55 h.p. 50-55 h.p. 35-40 h.p. 35-40 h.p. 
Operational hours 
prr tractor per year 1137 


Running Costs = =  |----- -LDollars per hour and percentage of running costs-l- ...—... hon 
Fuel, oil and grease 
Spares, repairs and 
maintenance 
Driver's wage 

Total cirect coss 
uepreciation 

Total running costs 


Grerheu3 Costs 
Supervizion and 
administration costs 
iuterest and insurance 
Travel costs 
Total overhead 
total costs per 
operational hour 
Í 





2.72 |100.0 |2.76 100.0 


“istimated from available information, data not specifically stated. 





Notes 


Transport costs based on 50 percent of total running costs. 


Gi? 


TABLE I.7 continued 





Description of tractor; — —  — Kenya Cd Nigeria |Tanzania  —  . 
Item 7 8 9 10 11 

Year of operation 1967-8 

Tractor size 

(engine h.p.) 56-8 h.p. 

Operational hours 


per tractor per year 772.4 
Running Costs 


Fuel, oil and grease 
Spares, repairs and 
maintenance 
Driver's wage 

Total direct costs 
Depreciation 

Total running cost 


Overhead Costs 
Supervision and 
administration costs 
Interest and insurance 
Travel costs 

Total overhead costs 

Total costs per 
operational hours 


(For column identification, see next page.) 
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Column number 


1. 


2. 
3. 
6. 


10. 


11. 


Awash Valley Authority, Middle Awash Settlement Scheme, cost estimates based on operating four wheel- 
tractors. 


Cost estimates employed by the Institute of Agricultural Research, Addis Ababa. 
Tendaho Plantations Share Company, cost estimates based on operating 50 wheel-tractors. 


Government of Ghana, Ministry of Agriculture Transport Division, cost estimate based on operating 
892 wheel-tractors. 


Sabatia Settlement Complex, cost estimates based on operating five wheel-tractors. International 


Bank for Reconstruction and Development, Permanent Mission in Eastern Africa, Agricultwul Mechani- 
zation in East African Countries, Table 4A. 


Eburru Settlement Complex, cost estimates based on operating five wheel-tractors. Ibid. 


Private contractor, cost estimates based on operating 6x55 h.p. wheel-tractors and 1x35 h.p. wheel- 
tractor. Ibid., Table 6B. 


Private contractor, cost estimates based on operating one wheel-tractor. Ibid. 


Ministry of Agriculture, Tractor Hire Service, cost estimates based on operating 50 wheel-tractors 
on basic tillage and planting operations. C.M. Downing, Tractor Hine Service Report and Evatua- 
tion, Financial Year 1967/68 (mimeographed) (Nairobi, Ministry of Agriculture, October 18, 1968) 
and C.M. Downing, Wheat Cultivation Trials, OLoseos 1967-68 (mimeographed) (Nairobi, Department 

of Agriculture, April 16, 1968). 


Ministry of Agriculture and Natural Resources, Tractor Hire Units, cost estimates based on five 
Tractor Hire Units serving 75 farmers in western Nigeria. Malcolm J. Purvis, op.cit. 


Cost estimates based on cotton block farms operation for 1967. "G. H.", Notes on Costings of Cot- 
ton Bleck Cultivation, Tanzania (mimeographed), Report to Ministry of Agriculture by Massey 
Ferguson Company (January 1967). 


Ciel 





Type of Implement 


Rate of operation 


Hours per hectare 
Hectares per hour 
Wage rate per hour ($) 
Operator l hand-laborer 


Operating costs 

(per hectare) 
Fuel 
Repaírs, maintenance 
and depreciation 
Wages 


Total operating costs 


Operating costs (per hour) 
Fuel 

Repairs, maintenance 

and depreciation 

Wages 


Total 


Column number 


1/2/3/4 T.J. Shambaugh, Comparison of Hand- and Machine Cultivation Costs 
(Maiduguri, Nigeria: Industrial Development Center, September, 1964). 
tests rather than observations of actual farming practices. 


TABLE 1.8 SELECTED COMPARISON OF HAND-, OXEN- 


AND MACHINE-CULTIVATI 
3 
50 h.p. 





cultivator |2-row power take-off cultivator 


(5.6 meters (1. 


6.08 km. /hour 


ON PRACTICES 
4 


tractor and 


8 meters wide) 


(first gear) (second gear) 


0.89 
1.13 
0.117 

1 driver l driver 


5/6 C.K. Laurent, Op. cit., pp. 244-5. 


0.54 

1.82 

0.117 

l driver 
dollars per hectare 


10.08 km./hour 


5 


6 


One pair of oxen with ridging 


plow 


0.81 hectares per 8 hour day 


9.88 
0.101 
0.07 

l plow man 





(mimeographed) Special Report No. 64-5, 
These are specially designed field 


Taken from approximately the same farming area, these sets of data are useful 
in illustrating that cultivation costs are lov for hand- and animal-powered 
cultivation when compared on an hourly basis with engine-powered operations. 
In contrast, since engine-powered equipment is able to operatc much more 
rapidly over a given area, engine-powered equipment appears lower on the basis 
of costs per unit area of operation. However, this comparison lacks strict 
validity since the garmer using oxen has to cover all depreciation and main- 
tenance costs fon animals and equipment over the entite season, whereas trac- 
to^ operations are charged only for depreciation and maintenance over the time 
taken for the partiolar operation, assuming an efficient total working life 
for the tractor of 5000 hours. Nor is this kind of commarcaon tu tly use- 
pub without some indication of the economic returns which can be expected grom 
each type of cultivation, and the area restrictions on cultivation for the 
different systems. 

In considering the small farmer with hand- or animal-pow.:red equipment, 
it is important to realize that capital acquisition costs are the main crite- 
rion in determining whether it can be economically possible for him to move 
into a form of engine-powered technology. The use of engine-powered equip- 
nent is only economical if it can be used efficiently throughout its working 
life in order to spread depreciation (amortized acquisition costs) and main- 
tenance costs over a substantial increase in the volume of production. There 
is a maximum limit to the area which any farmer can cultivate by hand or 
animal power; in contrast, the minimum limit below which engine power is un- 
economical is generally a larger area than most small farmers can acquire or 
manage. The availability of time is generally a less critical factor than the 
availability of capital or land; or where land is not Scarce, increasing the 
area of land frequently creates management problems beyond the skills of the 
small farmer co handle. Thus, costs on a basis of time tend to be more sig- 
nificant than costs on the basis of unit area in considering the choice of 
cultivation practices open to the small farmer, even though timeliness of 
cultivation may be less certain. 

With those general constraints on the small farmer of capital availabil- 
ity, size of operation, and management ability, the lower cost of hand- and/or 
animal-powered equipment is significant in inhibiting change to an engine- 
powered technology. Where engine-powered equipment can overcome problems of. 
timeliness, or bottlenecks in the productive processes to permit the small 
farmer to expand the size of his operation, then the constraints of capital 
and management ability can be overcome by making available appropriate equip- 
ment and management assistance. Hence, there emerges in certain situations 
the rationale for tractor-hire and block farm schemes with appropriate ex- 


tension services. 
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Additional data are available which further illustrate that hand- and 
animal-powered farming are not always the least expensive or the most econ- 
omical modes of farming under African conditions.” Operational tractor 
capacity keeps the costs of tractor cultivation substantially lower than cul- 
tivation by other methods. However, such data must be related to the economic 
returns of crop output prior to the decision-making process of economic plan- 
ning and farm management. 

The conclusion is invited that employing tractor power is economical, but 
caution must be exercised in generalizing from such cases as these. The under- 
lying assumption in this example that hand labor costs about $0.12 per man- 
hour is valid only if a worker has to be hired or a self-employed farmer has 
a positive opportunity cost approaching this value. In many cases there 1s no 
alternative employment for the small farmer so the opportunity cost for his 
own hand labor approaches zero. Therefore, an imputed value for labor such as 
in this example may lead to invalid generalizations. 

In several parts of this report data is presented which is based on im- 
puted labor values. No attempt has been made to determine whether or not the 
assumed cost of hired labor reflects the marginal productivity of the worker, 
The data is presented in terms of actual wages paid by responsible employers 
in the area in which the observations were made. Where comparisons are made 
between similar operations in different areas two reservations must be made 
with respect to such data: 

1. That the imputed vatue of Labor varies significantly between dif ferent 
areas within a country, and between countries; and 

2. That there is considerable difference between the actual cost to hire 
fabor and the cost of a farmer and his family's Labor on their oun (am. 
Having recognized that a local going wage rate does not usually reflect the 
cost of labor for a given operation in a given area for the majority of small 
farmers, the problem of selecting an appropriate wage rate remains. The ne- 
cessary information available directly to the team was that from individuals 
who were actually paying wages. These rates have been used and statements 


giving the source of the information have been included with the data, 


Objectives of the Study 


Contributions to the preparation of this report have originated from the 
Agricultural Engineers, the Agronomist and the Agricultural Economist. The 
following objectives have guided the work of the Team in their individual 





33v A. Oyemga, "Comparative Costs and Time Xequired to Plant and Fer- 
silize One Acre of Groundnut, by Hand, Bullock-drawn Planter and Tractor Plan- 
ter in Ghana in 1959", Agriculture in Nigeria (Rome: Food and Agricultural 
""ganization of the United Nations, 1967), Table 11.2, p. 277. 
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approaches from the standpoint of their separate disciplines: 

1. To identify and analyze farming methods now followed and the types 
of tools and equipment now.used; 

2. To identify the factors or conditions favoring or hindering various 
forms of mechanization; | 

3, To make an economic appraisal of the problems inherent in selective 
mechanization in the areas studied; 

4. To identify specific agricultural engineering problems requiring 
attention and suggest related research; and 

3. To develop a series of generalizations as the basis for planning 
selective mechanization programs. 

Equatorial África is on the verge of rapid expansion in the use of all 
forms of improved mechanical power. The path ahead undoubtedly will be marked 
with both false starts and encouraging successes in mechanization and other 
agricuitural innovations. Both failures and successes should be studied ob- 


jectively to avoid the former and to insure the latter. 


Methodology 


The presented data and discussions have emzaated from field work, pub- 
lished and unpublished research and correspondence with other workers in the 
field. The field work, in which the Agricultural Engineer and the Agrono- 
mist were involved in Africa for about a year and a half, joined by the Econo- 
mist for a shorter period of a little less than a year, constituted Phase II 
of the Study. During Phase II the Team members worked closely with African 
farmers, agricultural officials, planners, economists, sociologists, anthro- 
pologists, educators and others assigned to local government or foreign tech- 
nical assistance programs. 

An indispensable part of the Study was firsthand experience in the field 
of a selected number of mechanization endeavors. Such knowledge cannot be 
gained in any other way and it affords the opportunity to discuss and exchange 
information with professional persons directly involved in the process of 
agricultural mechanization. Such experience generates caution against general- 
izations from isolated observatirons or sources of information; moreover, such 
direct participation helps the investigator examine the validity of any gener- 
alizations. The methodology of the Study was substantially one of gathering 
information and critically examining the actual personal experiences of rele- 
vant individuals. 

Two countries were selected for depth studies: Ethiopia and Ghana. Since 
the Team members resided in Addis Ababa they became more familiar with the 
agriculture of Ethiopia. In addition, easy access to rural areas facilitated 
by available transport and contacts through the Iustitute of Agricultural 
Research, the USAID mission and other technical assistauce agencies, allowed 
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more specific observations and collection of data possible in Ethiopia. Five 
study sites were selected in Ethiopia (Figure 1.3)36 and these circumstances 
partially influenced the methodology of the Study in the data presented to 
represent different farming systems. The method of approach to each farming 
system has been to employ the experience and data from the Ethiopian situa- 
tion as a point of departure to compare and contrast the situation in other 
countries. 

The mechanization of Equatorial African agriculture involves two pairs 
of parallel and simultaneous lines of approach, inseparable in the process of 
working out policy recommendations. First, there is the socio-technical line 
of introducing a mechanized agricultural technology either through the medium 
of large-scale commercial agricultural enterprises or through attempts to 
modify the traditional technologies of small-scale farmers who have organized 
the productive processes of their farms to meet their families' needs. These 
extended families are large, their members usually live in close proximity, 
and often have been in the same locality for many generations. The needs of 
all members of the family are a vital concern to the small farmer and have 
great influence on the way he orgenizes his farm. Second, there is the polit- 
ical-technical line of introducing a mechanized technology into the patterns 
of national agricultural through the dcvelopment of both national agricultural 
policies, having the objective of improving national agricultural productivity, 
and international (regional) agricultural policies, having the objective of 
sharing research facilities and knowledge. 

Recommendations and guidelines are presented in Part l, the first ten 
are related to the development of national policies for agricultural mech- 
anization. There are corresponding guidelines which relate to the social and 
technical details of implementing the recommendations. Recommendation XI is 
specifically related to the development of regional cooperation and Guideline 
XI contains more specific details for the development of such international 
cooperation. Recommendation XII and íts accompanying guideline are related to 
the development of textbooks to improve the fund of available knowledge on 
African agriculture, a regional approach to the problem is also incorporated 


in these. 





36 Mapa of each country (Figures 1.3 to 1.6) are included at the end of 
Chapter I. Each map shows the capital, some of the country's principal towns, 
rivers and railways, and the areas of work visited by the Study team. 
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FIGURE 1.3 
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Five Selected Study Sites in Ethiopia Each study site 
represents a System of agriculture utilizing a different 
level of mechanization. Agnale: village close to the 
Pokwo mission station, the least sophisticated hand- 

tool system; Asella: the principal town in the Chilalo 
Awraja, an area in transition between animal- and engine- 
powered agriculture; Amibara: the Middle Awash Settle- 
ment Scheme employing hand labor and engine-powered imple- 
ments; Tendaho: a large-scale commercial plantation em- 
ploying hand labor and engine-powered equipment; Setit- 
Hirnera: large scale private entrepreneurs emploving hand 
labor and engine-powered equipment. 
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Figure 1.4 





1 a 
* "ai 


GHANA 


— 7* — 
Pan bet Pe 





Maps of Ghana and Ivory Coast Maps show principal towna, 


railways and areas visited by the Study team. 
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KENYA 





1. Lake Rudolf 

2. Wajir 
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4. Kisumu 
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7. Lake Victoria 

8. Nairobi 
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4, Zaria 8. Maiduguri 12. Benin City 16, Calabar 


Figure 1,5 Maps of Kenya and Nigeria Maps show principal towns, rivers, 
railways and areas visited by the Study team. 
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Figure 1.6 Maps of Senegal and Gambia, and Tanzania Maps show principal towns, 
rivers, railways and areas visited by the Study team. 
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CHAPTER II 


GENERAL, DESCRIPTION OF PRESENT FARMING SYSTEMS 
IN SELECTED EQUATORIAL AFRICAN COUNTRIES 


Introduction:  Interrelated 
Factors of Mechanization 

The process of agricultural mechanization requires incremental introduc- 
tions of capital into the production function. Basically, the agricultural 
production function combines land, labor and capital in a manner supervised 
by the farmer acting in his role as manager. The nature of changes in the 
production function depends on the intended function of the newly introduced 
capital. 

Capital invested in labor-saving equipment becomes a substitute for labor 
and is considered a labor-saving technological change. Conversely, agricul- 
tural equipment which facilitates improved cultivation without displacing man- 
power, becomes a substitute for land, therefore a land-saving technological 
change. A change involving capital as a substitute for neither land nor labor 
is a neutral technological change. This latter form of change can raise the 
level of productivity of all factors. 

Comprehension of the effects of mechanization and the possibilities for 
successfully effecting such changes requires a full description of the systems 
of farming into which the changes of mechanization may be introduced. This 
chapter describes examples of the systems studied during the course of field 
observations in Equatorial Africa. 

Each system discussed may be considered as the basis for subsequent model 
building. Three broad categories of farming systems are identified although 
it is not always easy to maintain a strict division between the systems, Dif- 
ficulties are created by examples being taken from contemporary dynamic situ- 
ations themselves caught up in the process of change. These three categories 
are: hand-powered agriculture, animal-powered agriculture and engine-powered 
agriculture. 

In addition to the immediately apparent technology incorporated into the 
socio-economic agricultural system, there are also critical ecological factors 
of climate and soils to be taken into account. A brief introductory section 
on soil and climate observations uade in Ethiopia precedas the descripcion af 
selected farm systems. These data are lirited to :ctua! ^oservation; at the 
study sites in Ethiopia only: they serve to Jemonsirate L16 eco:o3ica. Gabe CO 


be taken into account in cévelepin,s mg proposals ioc aceenanizarton sched, 
icoleQ..al factors 


,eclanization is a reto asite ‘eater tor incieasósug Au£icultuzal produc- 


tivity miy AN the ecoconéuu, KACE "5 of Amatè and bolet ae not principat 
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Limiting factors for increasing crop production. The cost of any new mech- 
anization system must be met primarily by the vakue of the increase in crop 
production resulting from using the new system. This means that rainfall or 
irrigation must be adequate for increases in crop production; it also implies 
that the potential productivity of the soils is adequate to produce larger 
crop yields. Both of these ecological factors are assessed for the intensive 
study sites in Ethiopia. 


Rainfall at the Ethiopian Study sites! 


Average annual rainfall, elevation, and dominant soils are listed for the 
five study sites in Ethiopia in Table II.1. The 900 to 1,000 mm. of annual 
rainfall at the Pokwo site (Agnale Village) appears adequate for at least two 
 rain-fed crops a year of maize (corn), grain sorghum and edible beans and peas. 
Proximity to the Baro River guarantees a good irrigation potential but so far 
no irrigation has been practiced. At the CADU site, the 700 to 1,000 mm. of 
annual rainfall seems adequate for the production of rain-fed wheat, barley 
and edible beans and peas. The annual rainfall of 350 to 450 mm. at Amibara 
is not sufficient to grow any rain-fed crop, but proximity to the Awash River 
makes irrigation potential satisfactory. With irrigation, cotton production 
has been very successful, and maize (corn) serves as a good food grain for 
use by the Afar (Danakil) people for whom the Middle Avash Settlement Scheme 
(Amibara) has been planned. At the Setit-Humera site, the 500 to 700 mm. of 
annual rainfall seems to be adequate for one rain-fed crop a year of cotton, 
grain sorghum and sesame. 


TABLE II. 1 AVERAGE ANNUAL RAINFALL, ELEVATION, AND DOMINANT SOILS AT 
FIVE ETHIOPIAN STUDY SITES 





Average 
Study Annual Dominant 
Site Rainfall Elevation Soils 






millimeters 


Pokwo 





















meters 
Aonale Village 900 to 1,000 1,800 from Baro River 
Chilalo Agricul- Dark brown clays developed 
tural Develop- 700 to 1,000 2,000 to from calcareous lava and 
ment Unit (CADU) 2,500 bedrock; some red, acid 
! clays 
750 Silt loams and clay loam 
alluvium from Awash River 
from Awash River, some 
saline 
Setit-Humera 500 to 700 500 to 700 Vertisols (deep, black, 
residual clays 






Figure 2.1 shows average annual precipitation in the African continent. 
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Figure 2.1 Average Annual Precipitation in Africa 
Source: Nels M. Konnerup, "The Outlook for 


Animal Agriculture in Africa", National Research 
ouncil. Agricultural Research Institute, 
noceedings of the Fifteenth Annual General 
eeting (Washington, D.C., October 10-11, 1966), 

p. 137. (692217-3)4 





“Negative=number filed at Michigan State University Photographic 
Laboratory, East Lansing, Michigan 48823. 
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Soils at the Ethiopian Study Sites 

From the air and soil, crop plants absorb 16 elements essen fal for growth 
and reproduction of which 13 originate in the soil. All of the elements must 
be available to the plant continuously in balanced form, and a deficiency of 
any one element will limit plant growth. Plant growth may also be restricted 
by either an excess or a deficiency of soil water or an excess of soluble 
salts. 

To assess the productivity potential of the intensive study sites in 
Ethiopia, field descriptions of each site and of each soil profile were made on 
standard forms, "SCS-232C-Soil Description, GPO 874130-352259", The number 
of soil pits dug and the number of soil samples taken from the exposed profiles 
for physical and chemical analyses are given in Table II.2. 


TABLE II.2 NUMBERS OF SOIL PITS AND SAMPLES TAKEN AT 
FIVE ETHIOPIAN STUDY SITES 


Number of Soil Samples 
Study Site in Ethiopia Number of Soil Pits Taken and Analyzed 


Pokwo (Agnale Village) 6 19 





“Soil sampling and soil analyses at Tendaho Plantations were contracted 
to a commercial company in the United Kingdom. 







At the intensive study sites of Agnale, CADU, Amibara and Setit-Humera, 


soil pits were dug measuring l meter wide, 2 meters long and 2 meters deep, 


folloving the procedure recently recommended by the U.S. Department of Agri- 
culture.” At each of the sites of the soil pits, study activities included: 

1) Recording the topography, elevation, rainf.ll, water table, crop or 
other vegetation present, aspect, degree of erosion, permeability, presence 
of salt or alkali, and the stoniness of the area and of the soil profile; 

2) Describing the soil horizons and recording their depth, moisture con- 
tent, Munsell color designation, texture, structure, consistence, and calcar- 
eousness. Depth of rooting was also recorded; 

3) Taking soil samples from each recognizable horizon or at predeter- 


mined depth for physical and chemical analyses. 


?wgo41 Sampling. Take samples from freshly dug pits and.not from road 
cuts, Where possible, dig the pit to at least 5 feet /150 cm./ and deeper 
1f necessary." . 

U.S. Department of Agriculture, Souf Survey Laboratory Methods and 
Procedures for Collecting Soil Samples, Soil Survey Investigations Report 
No. 1, Soil Conservation Service (Washington, D.C.: U.S. Government Printing 
Office, 1967), p. 5. 
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The laboratory determinations made by the Institute of Agricultural 
Research included: the percentage of sand, silt and clay; acidity tests 
(pli); available phosphorus, organic carbon, total carbonates: and conductivity 
(soluble salts). 


Soils at Pokwo (Agnale Village) 


Productivity potential of 19 soil samples from six soil pits ín the 
Pokwo/Agnale area is indicated in Table II.3. 

Rooting depth of 150 to 200 cm. is satisfactory; high to medium in soil 
organic matter is favorable; soil textures of clay loam are not in any way a 
deterrent to good crop production; slight to moderate acidity is favorable 
for most crops; the high available phosphorus is desirable; and a generally 
low salt content is satisfactory for crop production. (Only one 0-5 cm. 
surface soil sample tested high in soluble salts; this was probably because 
crop residues had been burned in a pile near the area sampled.) To summarize: 
the soils near Pokwo/Agnale, along the banks of the Baro River, are the most 
favorable for crop production of any soils tested from the study sites in 
Ethiopia. (Figures 2.2 and 2.3) 


Aoils.ar CADU 

The productivity potential of 30 soil samples from five soil pits in the 
 Chilalo Agricultural Development Unit are given in Table II.4. In addition, 
a soil test comparison is shown for a burned soil and an unburned one nearby. 

Rooting depths are from 150 to 200 cm.; organic matter is from low to 
high (very high in all surface soils); textures vary from loam to clay, aver- 
aging a clay loam; acidity varies from slightly acid to alkaline; available 
phosphorus is from low to high; and salt content averages medium. There are 
no limiting factors for crop production indicated by these analyses. (Figures 
2.4 and 2.5.) 

Many farmers in the area burn black clay soils vhen preparing for a crop 
following several years of fallow. As shown in Table II.4, burning decreases 
organic matter, makes the Bouyoucos hydrometer method of mechanical analysis 
wrongly indicate a “loamy sand" instead of a "clay loam", makes a moderately 
acid soil neutral, and increases available phosphorus by 385 percent. These 
tests indicate that probably the primary reason for burning the black clay 
soila is to make the soil phosphorus monn readily available. In the 20th 
Century, it would be more economical to apply phosphorus fertilizer. 

Physical and chemical analyses have been made on 26 surface soil samples 
from Chitela Awraja (subprovince) by the late H.F. Murphy of Oklahoma State 
University, and “he data pertinent to the Study follows in Table II.5. 
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TABLE II.3 PRODUCTIVITY POTENTIAL OF SOILS IN POKWO/AGNALE TO THE ROOTING DEPTH INDICATED (Average of 19 soil 
samples from six soil pits. 


Vegetation 
Rooting Organic j Soil Soil b/ Available a Salt Content, or 
Depth Matter Texture Acidit Phos phorus— conductivit Crop 
cm 


160 clay loam | moderately high to low naíze (com) 
acid 


200 clay loan | slightly low grain 
acid to sorghum 
neutral 
150 sandy clay| slightly lou grain 
loan acid sorghum 
200 sandy clay| slightly lov maize (corn) 
loan acid 
sandy clay| slightly low maize (com) 
loar acid 
clay loaz | slightly 
acid Jarge trees and 
elephant grass 





36011 organic matter ratings are: high, above 2.0%; medium, 1.0-2.02; low, less than 12. 


boil acidity (pH) ratings: very strongly acid, 4.0-5.0; strongly acid, 5.0-5.5; moderately 
acid, 5.5-6.0; slightly acid, 6.0-6.7; neutral, 6.7-7.2; veakly alkaline, 7.2-8.0; alkaline, ?.0-9.0; 
strongly alkaline, 9.0-10.0; excessively alkaline, 10.0-11.0. 


CAvailable phosphorus (ag. of P40, per 100 g. of soil) ratings: high, above 2.0; medium, 0.4-2.0; 
low, below 0.4. 


Salt content (conductivity 1x107? reciprocal mhos per cm.) ratings: excessive, above 1.5; 
high, 0.8-1.5; medium, 0.2-0.8; and low, below 0.2. 


Figure 2.2 


Figure 2.3 








Pokwo (Ethiopia): Soil pit at the mission station 

Along the banks of the Baro River the soils are the most 
favorable for crop production of any soils tested from 
study sites in Ethiopia. Maize (corn) growing in a 
clay loam has a rooting depth of 150 to 200 cm. (AFR-75)° 
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Agnale village (Ethiopia): Soil pit 15 kilometers 
downstream from Pokwo Soils are observed growing grain 
sorghum. Very fertile clay loam soils have good potential 
for growing tropical and semi-tropical crops. Communi- 
cations and distance from a potential market are serious 
factors inhibiting the development of the area.(AFR-76) 


"Negative number, filed in Agricultural Engineering Department, 
Michigan State University, East Lansing, Michigan 48823. 
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TABLE II.4 PRODUCTIVITY POTENTIAL OF SOILS IN CHILALO AGRICULTURAL DEVELOPMENT UNIT TO THE ROOTING DEPTH 
INDICATED (Average of 30 soil samples from five soil pits. 


Soil 
Profile Rooting Soil b Available Salt Content d Vegetation: 
No. Depth Matter Texture Acidit Phosphorus^ conductivit or Crop 
















































































loam to weakly medium onion/wheat 
clay loam alkaline 
loam to neutral to low to high wheat 
clay alkaline 
clay loam neutral to medium wheat 
to clay alkaline 
clay loam slightly low to wheat 
acid to medium 
weakly 
alkaline 
slightly barley 
acid to 
neutral 
loamy sand | neutral 18.45 medium barley 
(0-15 cm.) | Unburned clay loam moderately 3.81 (mg. /100g. medium barley 





acid soil) 





356011 organic matter ratings: high, above 2.02; medium, 1.0-2.02; low, less than 1Z. 


Psoil acidity (pH) ratings: very strougly acid, 4.0-5.0; strongly acid, 5.0-5.5; moderately acid, 5.5-6.0; 
slightly acid, 6.0-6.7; neutral, 6.7-7.2; weakly alkaline, 7.2-8.0; alkaline, 8.0-9.0; strongly rlkaline, 9.0- 
10.0; .excessively alkaline, 10.0-11.0. 


CAvailable phosphorus (mg. of PD per 100 g. of soil) high, above 2.0; medium, 0.4-2.0; low, below 0.4. 


d alt content (conductivity 1x10 reciprocal mhos per cm.) ratings: excessive, above 1.5; high, 0.8-1.5; 


medium, 
0.2-0.8; and low. below 0.2. 


Figure 2.4 


Figure 2.5 





Asella (Chilalo Awraja, Ethiopia): Black clay soils 
Soils on which wheat or barley are usually grown are 
shown here in a pit dug to a depth of 180 cm, The 
Soil here is deep and fertile,  (AFR-147) 


ET oa mM AD 
pw WO mini 





Asella (Chilalo Awraja, Ethiopia): Soil burning The 
same fertile black clay soils shown in Figure 2.4 are 
usually burned at the time they are plowed, after lying. 
fallow for several years. Reasons offered for burning 
are: (1) to destroy sod pieces and old roots, (2) to kill 
insects, and (3) to increase fertility. Inputs such as 
proper tillage implements, insecticides, and fertilizers 
may replace soil burning. Research is needed on this 
subject.  (AFR-148) | 
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TABLE II. 5 SOME PHYSICAL AND CHEMICAL PROPERTIES OF SURPACE SOILS FROM 


CHILALO AWRAJAJ 
Available Available 
Phosphorus Potassium 


percentage of soil samples testing 





Between Between Between Between 


50X and | 5% and pH 5.5 pH 6.5 
and 6.4 and 7.1 


Soil management problems that are indicated by these analyses are: 


1. With such a high percentage of clay in so many soils, downward move- 
ment of water is likely to be slow, thus forcing more water to flow across 
the surface of the soil and cause erosion; or to become impounded and delay 
the planting of crops. Furthercore, impounding of water causes "'»88ses of 
8011 nitrates by denitrification. 

2. High percen: ages of organic matter arc desirable for soil filth and 
crop production. 

3. So many soile below pH 6.4 would indicate a need for starting experi- 
ments on the use of Lige, but with such a high clay percentage this would be 
of doubtful value. 

4. Low available phosphorus indicate. that at least the bean crops 
should respond to some form of phosphorus fertilizer. With so many cattle in 
the area, bone meal probably would be the cheapest source of phosphorus to 
use in experiments and demonstrations. 

5. When &2 per cent of thé soile test high in potassium and 18 per 
cent test mediun, it does not appear feasible to even consider the use of 
any potassium fertilizers in experiments or demonetrations in the near 


future. 


Soils at Axíbara 


The productivity potential of 25 soil samples from five pits at the Ani- 
bara site are summarized in Table III. 6. Rooting depthe vary from 80 to 200 
cm. and appear to be ecologically satisfactory for good crop yields. Organic 
matter tests are from low to high and average slightly less than medium. Soil 
textures vary from loam to clay loam; acidity tests range from weakly alka- 


line to alkaline; available phosphorus ie high; and conductivity tests are from 





Ju. F. Murphy, Fertility and Other Data on Some Ethiopian Soils, 
Experiment Station Dulletin No. 4 (Dire Dawa: Imperial Ethiopian College 
of Agriculture and Mechanical Arts, February, 1963), p. 40. 
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TABLE II.6 PRODUCTIVITY POTENTIAL OF SOILS IN AMIBARA SETTLEMENT AREA TO THE ROOTING DEPTH INDICATED 
Average of 25 soil sanples from five soil pita. 
Soil Vegetation 
No. Depth Matter Texture Acidit Phosphorus 
ce. 


conductivit Crop 


$9-2 


loas to 
clay loam 


loam to 
clay loam 


sandy 
clay loam 


loaa to 
clay loam 


sandy loan 


to silt 


weakly 
alkaline 


weakly 
alkaline 


alkaline 


weakly 
alkaline 


weakly 
alkaline 


high to 
excessive 


excessive 


medium to 
excessive 


excessive 


high to 
excessive 


*Soil Organic matter ratings: high, above 2.02; medium, 1.0-2.02; lov, less than 12%. 


soit acidity (pH) ratings: ver; «trongly acid, 4.0-5.0; strongly acid, 5.0-5.5; 
slightly acid, 6.0-6.7; neutral, 6.7-7.2; weakly c!"sline, 7.2-8.0; alkaline, 8.0-9.0; 


excessively alkaline, 10.0-11.0. 


0.4. 


salt content (conductivity 1x10? 


medium, 0.2-0.8; and lov, below 0.2. 


Avaí lable phosphorus (og. of P0, per 100 g. of soil) ratings: high, above 2.0; 


reciprocal mhos per cm.) ratings: 


cotton 


cotton 


cotton 


cotton 


cotton 





moderately acid, 5.5-6.0; 
Strongly alkaline, 9.0-10.0; 


cedium, 0.4-2.0; low, below 


excessive, above 1.5; hign, 0.8-1.5; 


medius to excessive. All test results apparently are normal for the production 
of most crops except for soluble salts which are dangerously high for ealt- 
sensítive crops such as beans and most clovers. Salt-tolerant crops should be 
Brown, end these include cotton and lucerne (alfalfa). Maize (corn) is grovn 
on thes« soila, but salt injury may prevent naxioun crop yields during some 
years when irrigation water fe not applied in adequate amounts to keep the salt 
concentration in the soíl at a low level. (Figuren 2.6 and 2.7) 

Aoila at Setit-liumera 

The productivity potential for 84 soils from 13 soil pite spaced froa 10 
to 110 kiloweteis south of the town of Numera are portrayed in Table II.7. 

Rooting depth is satisfactory, varying from 150 to 200 cm. The amount of 
801l organic matter is in general meditm, but is higher near Hutera. All soil 
textures are clay; almost all soil reactions are alkaline; available phosphorus 
teste are mostly medium to low, with an occasional horizon testing high; and 
the salt content ranges from medium to high at randoa depths at each soil pit 
tested. 

Six of the surface soils at Setit-Humera (0-15 cm. depth) tested medium 
in phosphorus and seven tested lov. These tests indicate that probably in- 
adequate phosphorus fe the first limit on plant grovth in Setit-Humera. More 
soil tests and field experiments are needed to confirm this etatecent before 
phosphorus fertilizer is recommended to the farmers. A medius test for organic 
matter combined with the hot climate and a consequent rapid release of nítrogen, 
does not indicate that nitrogen fertilizer would give much crop response: 
(Figures 2.8 and 2.9.) 








Figure 2.6 Amibare Plains Middle Awash Settlement, Ethiopia): 


clay Soils on the Amibara Plains consist of alluvium from 
the Avash River. The variation from deep clay to deep silt 
and clay losem is illustrated by comparing the deep clay 
shown in this figure with the deep silt and clay loam shovn 
in Figure 2.7. (AFR-156) 





Figure 2.7 Amibaera Ethiopia): 
eile and clay loam This area receives 350 to 450 am. 
rainfall annually but flood waters from the Avash River 


are used by pump irrigation for s single cropping sesson. 
-157) 


Plains (Middle Awash Settlement 
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ABLE II.7 PRODUCTIVITY POTENTIAL OF SOILS IN SETIT-HUMERA TO THE ROOTING DEPTH INDICATED (Average of 84 sacples from 13 pits. 


l l 
Location of Organic Soil Soil b 
Soil Profiles Depth Matter" exture Acidit 


Avaílable Salt Content Vegetation 
Phosphorus (conductivit or Crop 
Km. South of Humera 
10 mcdium to high alkaline medium to hígh|not determined | sesane 
20 wedium to high alkaline low not determined | grain sorghum 
30 pedium alkaline medium not determined | cotton 
40 medium to low alkaline low to ecdium | medium to high cotton 
50 medium weakly alkaline | nediu= medium to high | grain sorghum 
to alkaline 
60 pediun weakly alkaline | medium medium to high | sesame 
to alkaline 
70 vedium weakly alkaline | lou medium to high |grain sorghum 
to alkaline 
80 medium alkaline low to medium | medium to high | sesame 
90 medium weakly alkaline | lov medium to high |tall trees and tall 
to alkaline grasses 
100 Bedius neutral to low medium to high |short trees and 
alkaline short grasses 
110 medium neutral to low to nedius | mediun to high |short trees and tall 





alkaline 


RTASBES 


“soil organic matter ratings: high, above 2.02; medium, 1.0-2.02; low, less than 12%. 


Beat) acidity (pH) ratings: very strongly acid, 4.0-5.0; strongly acid, 5.0-5.5; moderately acid, 5.5-6.0; slightly acid, 
6.0-6.7; neutral, 6.7-7.2; weakly alkaline, 7.2-8.0; alkaline, 8.0-9.0; strongly alkaline, 9.0-10.0; excessively alkaline, 
10 ,0-11.0. 


C Available phosphorus (cg. of PH, per 100 g. of soil) ratings: high, above 2.0; medium, 0.4-2.0; low, below 0.4. 


“salt content (conductivity 1x1073 reciprocal ahos per cm.) ratings: 


excessive, above 1.5; high, 0.8-1.5; cediur, 0.2- 
0.8; and low, below 0.2. 





Figure 2.8 Setit-Humera (Ethiopia): Soil pit 10 kilometers south of 


Figure 2.9 


Humera Soils of the Setit-Humera area are remarkably uni- 
form in nearly all characteristics to a depth of at leaet 
2 meters; the crop is sesame. Annual rainfall averages 
500-700 mm. The soil is a Vertisol clay which cracks as 
it dries and has self-mulching properties as water is 
absorbed.  (AFR-6) 






tls 
AT EN 
w. A 


u pa 


E SA Wa b, P H MAT GN — 
P Ac IZ WENN We RB, CA] 
tee, lip. ef: 


Setit-Humera (Ethiopia): Soil pit 110 kilometers south of 
Humera Sesame crop among much weed growth with a satis- 
factory rooting depth of 150 to 200 cm. Yields are severely 
affected by weed competition and most farmers complain of 
declining yields after the second or third season. Self- 
mulching soils such as these require minimum tillage for 
good tilth but good weed control must be incorporated into 
these cultivation practices.  (AFR-536) 
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Case Studies of iland-povered Agriculture 


Three examples of hand-powered farm economies have been selected for 
deacription. The Agnale Village in southvestern Ethiopia on the north bank of 
the Bare River, was one of the five study sites. Also, fairly comprehensive 
information was made available of the systems ín Upper Chana and northern 
Nigeria. The desciiption of each system is given in detail because the hand- 
labor economy is complex and the interrelationships must be carefully con- 
sidered in the light of cechanization possibilities. This complexity is due 
to the fact that traditionally each unit aust produce sufficient to meet 
ite oun needs, and in such a subsistence economy it 158 necessary to produce a 


wide variety of agricultural commodities to insure against risks of failures. 


Agnale Village, Ethiopia 


The form of agriculture practiced in this area of southwestern Ethiopia is 
the least sophisticated of all the areas atudied. The site was chusen for the 
exprese purpose of providing a sharp contrast with the other sources of infor- 
mation on mechanization. 

Agnale is situated approximately 50 kilometers vest of Gambela close to 
the northern bank of the Baro River in the Province of Illubabor. “The village 
is about eight kilometers across country and some 15 kiloacters down-river fron 
Pokwo where the American Mission Station is situateo. The only means of com- 
munication forthe local people fs by the extremely rough track into Garbela, 
with all goods head carried. Gambela served the area as a river port for trade 
with the Sudan untíl this market closed. Now contact with potential markets 
is by air or by road through very rugged country. 

The entire area te fertile, watered by the river which floods during the 
rainy season, June through October. Crops are adequate except for a short 


"hunger time" around the middle of the rainy season (May-Septeaber). 


The Village and the People 


The village, pleasantly shaded by tall trees, ie situated close to the 
river and above flood-vater levels. There are about 20 families although no 
census has been taken in the Gambela horses. The compound area is surrounded 
by a thicket hedge; each family lives in one or core grass-valled and thatched 
circular houses. 

Village elders reported a total number of 48 activ ly working men and 
boys who cultivate the fields on both sides of the river. (All boye over the 





“lupertal Ethiopian Government, Report on a Survey of ILlubaboan Province 
National Semple Survey Report No. 11 (mineographed) (Addis Ababa: Central 
Statistical Office, June, 1968), p. 4. 
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age of 12 work in the fields. Wonen and young children do little work except 
planting and harveuting.) According to the census estipates made fr other 
parts of the province, an active population of 48 suggests a total population 
in the region of 142 to 150. 

The people are Anuaks, a Nilotic people, and today most are Christian. 
Close contacts have been maintained between these Anuaks and vorkere from Pokwo 


since the oission station was established some 15 years ago. (Figure 2.10.) 


IUE + KA. 





Figure 2.10 


Anuak village chief (center) in conversation with the 
Assistent Research officer (wearing cap). Maize ears are 
being shelled to estimate the yield for this crop. Maize 
«talks are chopped in field and laid down. Usually women 
and children gather the ears end shell the grain. (AFR-91) 


The Land and the Farm 


The people have been settled in the area for several generations. No 
legal titles to the land exist other than traditional occupancy. The area is 
intensively cultivated along the high banks of the river but the swanpy hinter- 
land, which falle to a lover elevation, is left uncropped. 

Boys usually request a ffeld to cultivate and all men continue in culti- 
vation until they become too feeble to work. Plot sizes range from 0.6 to 1.0 
hectares for maize (com) and from 0.6 to 0.8 hectares for sorghum. There is 
no obvious division between fields and those worked by members of one faaily 
may be widely separated. Land is abundant and any request for a field is auto- 


matically granted after token consideration by the chiefs and elders. 
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On the basis of the estimated plot sizes and the 48 active field workers, 
the approxizate size of the area ui ter culiivation may be estimated as follows, 
assuming that each worker can cultivate on)y one field (1.5-1.6 hectares) each 


season. 
Noveaber-Deccaber planting: 


48 plots of maize, 0.8 ha./plot e 38.4 ha. 
48 plots of sorghum, 0.7 ha./plot = 33.6 ha. 


Total 48 fields 1.5 ha./field 72.0 ha. 
April-May Planting: 


48 plots of maize, 0.8 ha./plot e 38.4 ha. 
48 plots of fallow, 0.7 ha./plot e 33.6 ha. 


Total 48 fields 1.6 ha./field 72.0 ha. 
Thus, the community at ite present size is probably farming 72 ha. of 
good quality land, slightly less than half lying fallow during April-August. 


Crops and Cultivation Practíces 
1) Maize (corn) 


The main crop is maize, two crops being grown annually, planted ín Novem- 
ber and April. The local variety is open-pollinated with a growing season of 
100 to 110 days. The maize is hcrvested when almost mature, 4.€., when dented 
and fairly hard. Maize forms the staple diet and the cultivation practices 
are as follows: 

a) Precultivation The fields are prepared during the dry season 
prior to planting by clearing the old stalks and burning then. New fields may 
be cleared of grass during this time. Immediately after the rainy season when 
the waters have sufficiently receded, the soil is roughly broken by using their 
only agricultural tool,” the challa, a short wooden handled hoe (Figure 2.11) 
in one hand and lifting weeds and roots with the other. No attempt is made to 
turn over soil. 

b) Planting The two planting seasons are in November and April. 
April is almost into the rainy season when only naize is grown. The men use 
the challa to dig holes in two rovs at a time in a zig-zag pattern, breaking 
up the soil around each hole. The woren-folk follow, dropping five or eix 
kernels ín each hole and covering the hole with a foot movement. 

c) Weeding Maize ideally is weeded three times in the wet period 
and twice in the dry time. weeding in fact often ia inadequate due to lack 
of time and labor at peak seasons, alchough without proper weed control crops 


are poor. 





“me challa 1s the only cultivating tool although a hooked branch, the 
digano, ise used for pulling up long grass and weeds; there arc also a nunber 
of hunting, building and blackamith's tools used by villagers. 
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Figure 2.11 
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Kier Village (ncar Agnale, Ethiopia): The Challe 

The challa is the principal agricultural tool of 

the regior. It serves for tilling the aoil, weeding, 
and digging out maize roots at harvest time. A 
villager demonstrates the art of preparing the so!l 
prior to planting. At Kier (2 kilometers downriver 
from Pokwo/Agnale) the agricultural missionary has 
taught the villagers the value of leaving old stubble 
and weeds on the surface as a form of mulch to depress 
mofeture evaporation.  (AFR-64) 
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d) Harvesting “The harvest periods are in July-August and February- 
March. Maize stalks are dug out with the challa and laid in rovs. At the end 
of each day harvested naize ears are ehucked by hand and carried in baskets, 
using canoes to cross the river, to the village where the ears are dried, or 
shelled, in the sun. The best ears are kept for seed. 

e) Storage Woven branch and grass cribs, covered with thatched 


roofs, are used for storage of both maize and sorghum. 


2) Sorghum 

The people prefer sorghum to maíze for taste and ease of preparation for 
cooking. However, harvesting takes much longer and only one crop fe grown 
annually. The eorghuz variety has a grovíng season of three months; thus it 
is possible, theoretically, to grow three crops in the year. However, the 
following discussion will demonstrate that this fe not practicable because 
present cultivation practices make heavy demands for labor. Cultivation prac- 
tices are as follows: 


a) Precultívation The ground is cleared at the beginning of the dry 





season in November, and the land lightly broken ín a canner similar to the pre- 
paration for maize. 

b) Planting Before planting the seed is soaked, Planting fe per- 
formed by the men working with challas; 10 or 12 seeds are dropped into a hole 
with a little water. 

c) Weeding Sorghum weeding fe slow and tedious work and there is 
only time for one weeding usually during February and March. 

d) Harvesting During the period of saturation tbe crop has to be 
protected from birde by the boys and cen. then ready, ín April, sorghum stalke 
are dug up and piled. The heads are cut off and dried ín the sa n by the women- 
folk. 


3) Other Crops 
Certain other crops are grown in small quantities, and give some variety 
to the diet. But, since the two main crops take up most of the available labor, 
there fs little time to tend these other crops. 
a) Beane About a hectare of beans is planted in November for harvest 
in January. Also, some beans may be planted among the maize plante. 
b) Pumpkins The seeds are planted along field edges aud in shady 
places in April-May as the rains begin. They have reached maturity by the tice 


of maíze harvest in July-Auguat. 


lendar of erations 


The approximate time for the cropping sequence is recorded in "able Ii.8. 
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900 - 1000 mm." 


weed harvest 





TABLE II.9 AGNALE VILLAGE: ESTIMATED DISTRIBUTION OF LABOR REQUIREMENTS MAN-DAYS) THROUGH CROP CALENDAR 
MAIN crop — | wov. | pec. |. Jan. | res. | man. | apr.) may | owe | ouv | weer | sept. | ocr. 
Maize dëi 17(23 3 (1X) 17(23)  3(*1)  25Sk(s4W 3«(*&) 


Sorghun t3) .198(288).— 22(:8) SEM ot 


Total (min.) 
(avg) d ! 
(max. ) Sa 


i 
kon 


Total avaíl- 
able (365) 


beans pumpkins 
harvested harvested 





Labor Distribution 

Crop labor requirenents, basec on each man's cultivating hís ovn fields 
without assistance are shown for each crop in Table II.9. These data show 
the amount of work that each active man nust provide annually; the suo of labo 
requiremente shown in Table II.9 identifies the periods when labor requirement. 
are critical: in December and January. December through March are ver, busy 


months, weeding fcr both maize and sorghua. 


Other Inputs 
The only other input into this cropping pattern is the sced saved by each 


family froa the previous season. Seed rates can be little better than 3 very 
rough estimate. (1) Maize seed: Each family retains approximately 40 kg. 
of good quality seed on cobs. A 50 percent germination rate would suggest 
about 20 kg./ha. of viable seed and therefore, an estimated 80 kilograms per 
annum are retained. (2) Sorghum seed: About 10 kg./ha. of viable seed is 
planted and produces three to four plants fron ten planted seeds per hole for 


an estimated 25 kg. of seed per annum. 


Yielda of Major Crops 


Estimates were made on a random aanple basis by the Team for maize at 
25 quintals per hectarc. Allowing 10 percent for moisture’ this reduces the 
yield to 22.5 q./ha. However, damage by birds and other pests probably will 
bring the yield closer to 20 q./ha. for the rainy season harvest in July- 
August and somewhat less, say 15 quintals per hectare, during the dry season 
harvest in February. As a rough estimate of yields for sorghus, 18 q./ha. 
appears reasonable; slightly higher yield than those for the Setit-Humera 


ares can be expected because of the more fertile soil and higher rainfall.” 


Estimated Annual Production 


1) Maize 
(Nov/Dec.) 38.4 ha. x 20 q./ha. œ 768.0 q. 


(Apr /May) 38.4 ha. x 15 q./ha. * 576.0 q. 
1344.0 q. 


Asouning 40 percent loss in storage: maize for consumption equals 806 q. 





Assuming 10 kilos per person (adult) per week: 806 q. supply is adequate for 
155 adults for one year. Thus 806 q. of caize ie probably adequate for the 
total village population (142-150) not allowing for any variety of diet nor 


any reserve for seed, gifts, or emergencies. 





“Cari P. Miller, Janes D. Sarton, James L. Mackin, Peter O. Strom, 
Systems Analysis Methods gon Ethiopian Agriculture Final Report, SRI 
Project 6350-202, AID Contract 6632-72 (aultilithed)(Kenlo Park, California: 


Stanford Research Institute, April, 1968), p. 92. 
hid. 
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2) Sorghum 
. (Nov/Dec.) 33.6 ha. x 18 q./ha. = 604.8 q. 
Assuning 50 percent loss in storage: sorghum for consumption equals 
302 q. Assuming 10 kilos per person (adult) per week: 302 q. is adequate for 
58 adults for one year. | 
The final estimated quantity of grain production is adequate for 213 


adults for one year, enough for the estimated population with a líttle to spare. 
Value of Production 


This system of agriculture allows no marketable surplus. Any surplus is 
reserved for guests, feasting and beer-making.  Imputed values must be based 
on local market prices. Twenty kilos of grain, either maize or sorghtm, can 


bring $0.80 at harvest, and $2.00 in periods of scarcity. 


The economic balance of this system insures adequate production with a 
reasonable distribution of leisure throughout most of the year. Labor require- 
ments during January-Marv. render additional cropping impossible during the dry 
season, and any suggestion of growing additional crops of sorghum is unlikely 
to be well received since the system already produces adequate for the needs 
of the villagers. No market exists for surplus crops. Crop improvements and 
diversification could develop a more equitable distribution of labor demand. 
Proposals to introduce higher yielding varieties must also include consider- 
ation for coping with surpluses and increases in labor requirements at peak 
periods. It is at this point that mechanization becomes a realistic possibil- 
ity if the economy can provide instructional facilities, an appropriate market, 


infrastructure, and an economic means of meeting higher operating costs. 


Zuarungu District, Upper Ghana” 


The small town of Zuarungu and the surrounding area comprise one of the 
three political sub-districts of North Mamprusi.  Zuarungu district is heavily 
populated and shortages of cultivated food occur frequently. 

Until the end of World War II the area was isolated at 800 km. from the 
coast, 560 km. from the nearest rail head and with inadequate roads. Since 
then a reasonably good all-weather road has been constructed from the south. 

Natural vegetation is tree savannah. All the land not under cultivation 
has a covering of grasses which are usually burned in the dry season. The 
country gently undulates, with outcrops of granite rocks. Soils are grayish- 


brown and contain a high proportion of sand and gravel. Near the rocky 





Material for the substance of this section is drawn from Extracts grom 
Bulletin by Department of Agriculture in Northern Ghana about 1937 (mimeo- 
graphed) (Government of the Gold Coast, reproduced by the National Investment 
Bank, Accra, Ghana, March, 1968). 
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outcrops, the soil ie extremely stony. In valleys, soile are deeper, fertile, 
and very wet in the rainy season. Stones are frequently used to fora contour 
terraces, but serious sheet erosion stíll occurs in the rainy season, and is 
aggravated by the burning of ground cover. 

The urea has a hand-labor agricultural economy. Since World War LI, 
Bolgatonga has developed as a commercial center and local enterprises have 
been established: gravel extraction, meat packing, sleughter house, tomato 
packing, and basket making. 

The pattern of agriculture is fixed due to the density of the population, 
although some farners at the fringes of the area also have farce in the savan- 
nah which has a system of shifting cultivation. No villages exist; each family 


lives in a small isolated compound. 


The Compound and the People 
The fanily honestead (Figure 2.12) 


. o « resenbles a Diniature fort and in the past there is little 
doubt that it served as such; ft is roughly elliptical in shape 

and consiste of a number of round mud houses opening invarde; and 
the whole fs enclosed by a high aud wall. Roofs are made either 
flat, of beaten mud, or conical, and thatched. A single narrov 
doorway, which can be heavily barricaded, gives entrance to the 
compound: the space inside ia divided into compartments by lov 
walls. Livestock are kept in an open compartment near the entrance. 
The land lying between conpounds fe farmed intensively and manuring 
forms a definite part of the farzing ayeteo.? 


The people largely follow animistic forme of religion. Each compound is 
home to an extended family consisting of a senior man, with his wives, his 
gong with their wives and children. Each wife with her children has a sepa- 
rate house within the coapound and the members of the senior generation live 
in a eeparated «area. Boys big enough to hoe are considered to be men; wosen 
and children only help to plant and harvest. Compounds average 3.2 men who 
support a total of 12 people (excluding babes in arms). 


The Land and the Fara 


Customs of land tenure are intimately bound up with the religion of the 


people. Each district is administered by a chief who exercises authority?" 


over the people. The £indanall has final say regarding new residente, eince 





bidi; p. 6. 


Yo should be noted that this description was written in 1937. Gradu- 


ally the authority of the chiefs is declining with the increasing power of 
the elected governsent and local administration of the regions. 


Lt en) haman (medicine-man). 
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tradition has established him as mediator between the people and the “epirit 
of the land". Seasonal dues have to be given voluntarily to the spirits by 
way of the indana; in thie area, without rents and cash income, these dues 
take the form of harvested crops. 

The land is farmed in three functional divisions: the compound fam, 
located by the homestead; the intermediate fara, located between compounds; 
and the bush farm, extensively cultivated savannah. 


The avrrage farm sízes are: 


Compound farm 1.98 ha. (612) 
Intermediate fam 0.55 ha. (172) 
Bush fam 0.70 ha. 22X 
TOTAL 3.23 ha. (1002) 


Thus: l man farns about l hectare and supports 3.7 persons. 





Figure 2.12 Zuerungu District (Ghana); Family hovestead compound 


The fently compound, resembling a miniature fort in 
baked mud, ie built by neighbors and the family together 
whenever a nev family cones to the areo, or a member of 
the fanily wishee to establish a new compound. Women- 
folk finish the compound floors, grading them to facili- 
tate drainage. The tall narrow cylinder covereé with 
thatch (approximate center) ie che granary. (AFR-268) 
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Mixed cropping is the general practice with all crops except root crops 
and tobacco. Proximity to the compound and fertility of the soil are the main 
determinants of crops planted. Staple crops are grown in compound farms which 
are manured, and the less fertile intermediate farms. Bush farms may be 2.4 


to 3.2 kilometers away from the compound and receive only a single weeding. 


Crops and Cultivation Practices 


A wide range of crops are grown in the area. The following is a list of 


those more common: t^ 


Early millet Rice Yams Neri 
Late millet Groundnuts Sweet potatoes Calabash 
Guinea corn Bambarra beans Coleus potatoes Pumpkin 
Maize Geocarpa beans Hibiscus (long) Bungu 
Cassava Cowpeas Soup plant Sesame 
Okra 


Crops and cultivation practices fall roughly within the functional 
divisions as follows: 

l. The compound farms are manured with 4.48 to 11.2 metric tons per hec- 
tare which includes nightsoil as well as animal manure. The main crops gener- 
ally mixed together, are early millet, late millet, cowpeas and neri. tnor 
crops, planted in empty places, include maize, hibiscus (long), nangina 
tobacco (near a wall), groundnuts (on sandy soil), rice (in patches), s'eet 
potatoes, and bambarra (on gravel). Pumpkins, sesame and cassava sometimes 
are intercropped around the compound. 

2. The intermediate farms produce the same crops with the omission of early 
millet and the addition of groundnuts. Cultivation begins later in these farms. 

J. Bush farms produce guinea corn and cowpeas alternated with guinea 
corn and late millet. When yields decline the land is left fallow. 

Early millet is harvested first, starting in June. The heads are cut at 
the neck by the men using short knives; the women carry the crop in baskets, 
to be dried in the compound. Maize is harvested similarly toward the end of 
July followed by guinea corn. ‘he main harvest starts in mid-September with 
groundnuts followed by later guinea corn and late millet. 

After harvesting, men and animals trample the stems of the cereal crops 
to the ground. Leaves are burned and charred stems are salvaged for fuel. 

Cereal crops are stored unthreshed in tall conical baked-mud granaries 
built inside the compounds. Small seeds and soup ingredients are stored in 
calabash containers sealed with mud or dung to keep out weevils. Groundnute 


are stored in large mud-sealed baskets. 


Calendar of Operations 


The calendar of cultivations is summarized in Table II.10. 





121 bid, 9 Pe 50. 
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TABLE II.10  ZUARUNGU: 


Mean monthly 






















(Note: 
other farms; harvesting also follows other farms.) 


Bush Farm 


CALENDAR OF OPERATIONS 


sai ora | e | or aae | cizes | cen l ovol pecs PSI PREISE 








72.00 109.00 164.00 |184.00 254.00 223.00 57.20 17.20 0.5 18.20 
1 Annual [Total 
foc , 1107143 
J 
Early millet plant weed harvest earth up in trash burning 
(2-3 days) (twice; late harvest 
plants 
Guinea com plant weed haryest 
(2-3 days) 
Late millet plant | 
(2-3 days) weed thin and harvest 
transplant 
Tobacco transplant eed 
nor Crops: 
Maize, bersi, plant maize 
okra, nangina harvest 
and others 
— plant 
Se plant ‘thin and harveat 
transplant 
Intermediate Farm 
Guinea corn plant weed harvest 
Late corn plant weed harvest 
Groundnuts plant weed harvest 
Tobacco | plant Transplant to 
compound 


planting groundnuts, early mille“, late millet and cowpeas occurs immediately after planting on the 


Labor Distribution 


Under the existing farming system, available labor is not used to capa- 
city. The busiest time of the year is immediately after planting is finished, 
when weeding begins. This also is the time of food scarcity and the under- 
nourished men cannot cultivate more than .04 hectares per day. Only at plant- 


ing and harvesting are the men assisted by the women-folk. 


Other Inputs 


Seed is the only other important input. Each farner keeps a little har- 


vested grain for seed, but estimates are not available. 


Yields of Major Crops 


A summary of observations of indigenous crops 1932-1936 vas published? 


in 1936 and, in 1967, provisional observations were made for unfertilized 
crops of improved guinea corn, late millet and rice. These data are pre- 
sented in Table II.11. 

The data indicate that manuring indigenous varieties results in consid- 
erable improvement in yields, and improved crop varieties can offer greater 
yields. However, estimates of yields for the earlier years were for mixed 
crops irrespective of the number of crops grown together, and 1967 estimates 
were for single crops. Single (sole) crop systems can improve agricultural 
technology by allowing specific treatments and operations, and individual 


observations of results. 


TABLE II.ll ZUARUNGU: CROP YIELDS, 1932-1936; AND 1967 


POPE a 
Manure Used 1932-1936 


Kilograms/hectare 





Early millet unmanured 
manured 


Late millet unmanured 
manured 


unmanured 
manured 


unmanured 


n.a. 


AIbid., p. 25. 


b tstimated. 


€——————————M—Á—ÀÁ———— P — — — 


13rbid., pp. 24-25. 
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Livestock 


There is a good potential market for meat, but livestock occupies a 
prestigious position in the economy. Cattle are viewed as a status symbol 
and a store of wealth rather than a good for general exchange. Cattle are 
occasionally eaten, used for religious sacrifice or in payment of bride-price, 
Livestock owned by an average family has been set out in Table II.12. Tend- 
ing livestock is the responsibility of small boys, not old enough for heavier 


work. 


TABLE II.12  ZUARUNGU: AVERAGE LIVESTOCK PER COMPOUND 






Despite inadequate attention local cattle (West African Shorthorn) are 


good looking animals with potential to produce good beef. Poultry thrives 
quite well in the area. 


Estimated Annual Production 





The total production for the major crops may be estimated assuming mean 
yields for a mixed crop. 
Compound farm (manured): 1.98 hectares 


x 565.6 kg./ha. = 1119.9 kg. (early millet) 
x 252.0 kg./ha. = 499.0 kg. (late millet) 
x 543.0 kg./ha = 1075.1 kg. (guinea corn) 


Intermediate farm (unmanured): 0.55 hectares 


x 263.2 kg./ha. * 144.8 kg. (late millet) 
x 364.0 kg./ha. * 200.2 kg. (guinea corn) 
x 664.2 kg./ha. = 365.2 kg.. (groundnuts) 


Bush farm (unmanured): 0.70 hectares 


x 263.2 kg./ha = 184.24 kg. (late millet) 
x 364.0 kg./ha. = 254.8 kg. (guinea corn) 


Annual Total 
Early millet Late millet Guinea corn Groundnut 
1119.9 kg. 820.0 kg. 1530.0 kg. 365.2 kg. 


Assuming an average need of 10 kg. of grain per week per adult, the 
level of annual grain prcduction is adequate for seven adults. Since the 
average number of persons per compound is twelve, grain.production is barely 
adequate. It will be supplemented by groundnuts, root crops and other ground 


crops. 


The present system of farming, little changed from the description given 
in 1937, 48 now at a point in time when modern changes can begin. There is 
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good access to a substantial market to the south, and the Ministry of Agri- 
culture is assisting the farmers through the extension service with improved 
crop varieties and cultivation techniques. ‘he established system has been 
adequate in good crop years but in bad years it produces insufficient for the 
peoples" needs. Starvation is avoided with wild foods. Since the labor re- 
quirements do not overtax the capabilities of the farming community, the area 
can be developed by raising crop yields and utilizing additional power to 
overcome deficiencies in timeliness of cultivation. Further, the potential 
for livestock production could be developed by a government-sponsored scheme 
incorporating local commercial enterprise. Such a scheme would have to over- 
come local indifference to animal husbandry and also take into account the 
relatively high population pressures, These pressures can be alleviated by 
bringing debilitating river-borne diseases under control which will free 

land from vector infestation. 


Village Agriculture, Northern Nigeria)" 


The system of farming in the village economy of northern Nigeria repre- 
sents another kind of hand-labor economy. The data has been taken from the 
village of Nasarawa. The people are Muslims and live in well-orgenized 
communities. Individual farming families produce for both themselves and the 
market. Many small farmers spend some of their time as wage-earners either 
on other farms or in nearby towns and villages. The economy of northern 
Nigeria is monetized and economically fairly sophisticated. 

Ecologically, the area is classed as sub-Sudan savannah, with vegetation 


varying from close woodland to open scrub woodland. 


Ihe Compound and the People 


Each family unit lives within the village community in a separated 
compound. 


The compound, gida, is a walled or fenced area entered via 
a single entrance hut and containing usually a forecourr and one 
or more interior courts. The interior court may be divided by 
a wall or fenced into portions, 4assa, if the head of the com- 
pound has another adult male, relative or stranger, living within 
the compound. However, occupying the same compound and sharing 
the same entrance but does not connote membership of the same 
economic unit. 


The individual close family, iyali, may be understood as 
being a man, his wife or wives and his d^pendent children. The 
iyali often constitutes the economic unit. If two or more iyati 





14 


Material for the substance of this section is drawn from C.J.N. Gibbs, 
op. at. , | 
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cooperate in a common economic unit the resulting group is des- 

cribed as a gandu. There seems to be mo hard and fast rule as to 

what will constitute an economic unit, one or more close family 

[zroups]. 15 

Nasarawa village has low-lying land which permits all-year cultivation. 
The people's ethnic origins are described as Hausa, Fulani, Gerawi and Sayarwa; 
villagers consider themselves to be Hausa, possibly with a headman claiming 
“ulani descent. The average number of persons per economic unit (gandu) is 
5.95 with an average number of 3.57 labor units or 2.24 labor units for out- 
Side compound work; or 2.12 agricultural labor units. Thus, one labor unit sup- 


ports 1.67 residents (2.86 1f only active full-timo farm workers are counted). 15 


The Land and the Farm 


Land throughout Nigeria is regarded as common property. Each village 
head has authority in land affairs vested in him by the Emir. A farmer, how- 
ever, can enjoy the rights of use so long as the land is used for the benefit 
of the community. Tenancy is by inheritance, allocation, or loan. 

In certain low-lying areas, the water table remains high. The moist 
flood-plain areas, fadama, can be cultivated throughout the year. Cultivation 
of the higher land, gona, is strictly linked to the rainfall distribution 
(December and January are dry, while July, August and September are the wettest 
months). Gona gadama is land intermediate between these two types. 

In the gadama the farmer can cultivate his farm throughout the year and 
crops are considerably more labor intensive. The average size of farms in 
Nasarawa vlllage, where fadama occurs more frequently, is 2.36 ha. in contrast 
to the more extensive holdings of 4.61 ha. in the Nabayi village where gona 
occurs more frequently, Both villages have almost identícal rainfall patterns, 
but the water retention property of the $adama, which only Nasarawa possesses, 


is much greater. 


The average sizes of fields for the whole village are as follows :1” 
Average size of gona field 0.68 ha. (29%) 
Average size of gona gadama field 1.32 ha. (56%) 
Average size of gadana field 0.36 ha. (15%) 


2.36 ha. (1002) 
Dibid,, pp. 4-5. 


l6 he labor unit gives an indication of the total family's phys5ical 
potential for work but since women contribute nothing to work outside the 
compound, estimates of off-compound and ferm labor need further modification. 
Labor units are estimated as follows: 


Sex and Age of Individual Labor Unit Equivalent 


Male and female, 6 and under 0.00 

Male and female, 7 to 14 0.50 

Male 15 to 64 1.00 

Female 15 to 64 0.75 (3.00 for agricultural labor) 
Male and female, 65 and over 0.50 

17 


Calculated on a proportional basis from the average data provided. 
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Fadama and gona fields are separate, and land fragmentation is consider- 
able. “The present pattern of farm structure does not favor innovations in- 
volving mechanization. However, wich the exception of gadana and land per- 
petually attached to the compounds, there is a considerable degree of Jand 
mobility, due to tae necessity of bush fallow practice. This mobility could 
` prove. important in future attempts at consolidation. In a comparable study 
Norman? ® noted that, in the village of Dan Mahawayi, the furthest field cul- 
tivated by a resident was 3.3. kilometers away from his compound. 

Of Nasarawa farms, 17.87 percent of all of fields were cultivated as 
single blocks of the same crop; the remainder was cultivated in subdivided 
plots of single (sole) or mixed crops. Both single and mixed cropping is prac 
ticed, with 46.11 percent of all cultivated areas in single crops, 41.48 per- 
cent in double crops, 10.44 percent in three crops, and 1.97 percent in four 
crops. | 

The crop season is from April until November and family labor spent 88.4 
percent of available work time on their own farm. Of available labor, 95.72 


percent was male, 


Crops and Cultivation Practices 


Table 11.13 presents a suggested approximation for the operations for 
major and some minor crops. Typical major crops are: guinea corn, millet, 
groundnuts, cowpeas, rice, cassava, sugar cane, omeri, and sweet potato. 
Typical minor crops are: okra, maize, benniseed, pepper, tobacco, tomato, 
and kenaf. 

The date for man-days required per crop, presented in Table II.14, were 
obtained from estimates for Zaria Province which has a similar economy to 
Bauchi. 


Calendar of Operations 


The sequei.ce of operations is presented in Table II.15, along with month- 
ly average rainfall and temperature for the year. The average farm does not 
grow all these crops, but to hedge against risks of crop failure generally all 


the major crops are grow: as well as selected minor crops. 
Labor Distribution 


The distribution of labor requirements for the cropping pattern is pre- 
sented in Table II.1l6. The data suggest thai the average worker contributes 
about 60 hours per month to cultivating the family farm, with an annual total 





lB avid w. Norman, An Economic Study of Three Villages in laria Province 
I. Land and Labor Relationships Miscellaneous Paper No. 19, (mimeographed) 
(Samaru, Nigeria: Ahmadu Bello University, Institute for Agricultural 
Research, RERU, 1967), p. 20. 
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Guinea corn 
Millet 
Groundnuts 
Cowpeas 
Cassava 
Rice 

Sugar cane 
Onion 
Okra 
Maize 
Pepper 


Tobacco 


“Indicates one tine falling within thie 


b 


BLE II.13 NORTHERN NIGERIA: 


April/May” 
April/May 
May / June 
July 

M», 
June/July 
Oct. & Jan. 
May 

April 
April 

May 

Aug. /Sept. 


CROP OPERATIONS 


May/Sep tenber 


May/July 
July/August 


Aug. & Sept." 


July e Aug. 
Aug. /Sept. 
Apr. 6 July 
June 6 Aug. 
May & June 
May & June 
June & July 
Sept./Oct. 


Ir¢’ cates two separate timer. 


“Indicates a continuous period. 


ABLE .°.14 NORTHERN NIGERIA: LABOR R 
Crop and 


Crop Mixture 


Guinea con 


Groundnuts 
Sugar cane 
Cassava 


Tobacco 


Groundnute/cowpeas 


Onton/pepper 
Guinea corn/millet 


Guinea com/groundnute/ 


miller 


Guinea corn/groundnuts 


Groundnute/oaize 





Family Labor 


63.23 
88.95 


123.55 


74.13 
44.48 


113.67 


64.24 
76.70 


94.00 
86.49 
84.91 
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Noveaber/Dececber 
July/August 
October/Noveaber 
October to Dececber^ 
October to Decenber 
October/November 
Sept. & March 

August to October 
June/July 
July/August 


Cctober/Noveober 


Decezber/J  uary 


QUIREMENTS FOR TYPICAL CROPS 
. Average Man-doys Employed Per Hectare 


Hired Labor Tote! 


78.26 
133.43 
150.73 
103.78 

76.60 
160.61 

79.07 

84.50 


110.21 
138. 38 
84.01 
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of 160 éspe Le farming (4.596 boute/faraisg man-day) ané 31 Asye ia otter ecce 


pailawa. The average rat of farnizy kouz» per ésy seems law, come lAeredly 
less than 1000 beers per aurum ai foreleg. Dn mai-bowrs per calliveted bec- 
tere Ate trice the Latemeity ef farnizy on the EA lant: 
Average Meow) 
An 21.98 
pret ya e 
average for 


all fam Aë, 44 
Seeds and fertilizer are the ranaizizg izpust té be considered. uut la 
home grows ané fertiliser ic beginiisg te be used it miriberz Migecis. foes 
a very modest azglicatien of 44.8 ig. pet hectare at a price of PO. PO is 
likely fa stew eccoumic reenits. 


Tislés si Nater 51220 


Tielés of major crege ia this ares are set out tr Table 11.17. 
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T4412 11.17 Weg KISENLA: AVERAZE TINGS PWA KECTANM TCR FINI XA338 


— potato" 
rosatans of single (sola) et 

cope ta: 
jèn Ti Le 

Single (selo) crop ca (adan 
ut 
‘aly Geen fa nimi crepe 
*rriscipel fadant crepe which are etagle crepe. 


i.» 


Meteo 


All livesteck ir the etanasy ef nerthers Kigaris ts entirely is the band 
of tbe feint persia. Their way of life, a mestir yore of misal busbasdry, 
is utreletes te the setiled village life af the Bava ville, la Oui Stäer, 
falni tacied spafon, A di a fran PÉ Ia be bocce he fur andes zt 
Tom, bwi Do Hepatitisa curatis special vès torits te Che (ntn ducis 
$4 Goumal-poutié Irokaslasy. 


List Anual] Prefect ica 

be inditatirs lè given of the distribution ef the verioun crepe is teres 
of relative areas. Aa lafizita zer of combisatiogs of rimed crepe ané 
relative stress of each crop oralé be assumed; howeewer, trep alateres yielding 
the best grees rat are given, ané may be assumed to represent the eptinal 
tice of efficiest farmers. These estíinates are set cud is Table 11.18 avi, 
since the etmay [y istegrated isto a mariet system, may be valued at the 
CorTTWS4 marisi prices. 


TAME 11.1) MOTHS FINIA: ESTIMATES OF TOTAL TREZAS POR AVERAGE FANN 









A. Gone avi pous jods: fielôs (1.00 ka.) 





Fregert Zë 
prenon la. T7222» MOUNN - +--+ e mr e e 
cen 4.11 9.91 110. = 
den li. ki AT 131.10 - 183.15 e 
pis 15.44 6.11 bb.» 11.03 u.r - i 
[iers Bn SAS iil Lii Ali) is 
Tetel 159. té 1.00 1211.71 15.23 1211.98 ia 
wrae market price (#/ig.) | e.i >. ti $.044 9.97 
Bi. Prim fields (0.3 ka.) 
e Frigertiza* Total average 
— ti Ana Ata Drebet Xartat Price 
percent ka. hy. Ha. 
| : H 9.1 17.04 6.062) 
Rice M 2.11 $3.97 6.124 
[Fuger came is $9.07 1».11 6.018 
unda Li $.04 144.51 6.06»» 
— potare sè 2,9) Pe. ii 6.81) 
Lë 6.» 


"Prebuctiene based cm frequency ef ecourrenoe of these “fre priscigal 
Amt (teye a eligilo cree. 
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Pie sillape econums 12 avetiera Bigeria is viable ané generally esgyesta 
» karó-esriis4 pepaletion most vé the tise. During bal statons there are 
Loot shetimpes, ho pgenezaliy the eonnor; is semewhet more prosperous thas 
the tee Cones slrnahy Clecuseed. The working prpelatiac is mot ever-tagad 
with lakòt Gemenie fran tin fers ané sigglemeb:ts the liwwlibosé by ceorzisg 
wapbs ot ser [arme ot La welfare occupations. The fact that this epatèn 
Lé .irenfy fairly well mnmetiref Lat be of aonbelécrable iapettante te future 
espanlim ef tit enum. 

Ted meee Btjatioote of Shad Lope cj tw ki TRE sizè oy Cha spukin 
went. While pielés car be teprewed by fertilizisg amd teprewed tillage prec- 
ticos, the saall faniiy epetatira glaces severe iiritatiats an the ty) af 
waechkisery thet CHE be egatateé. 

Following etur of tiree villages ia Ue Laris Frevizcs ef nortierz 
*iptria, 1946-47! *. kozman made the following observatis en fetters af pro- 
bc Tina: 

A Capital 

A) Steet famm inco everapeé $141.00 per family with all wert dom 
Ty bobi ai wyplate with Lage fran not-for source., It prekaly ons 
ead $140.00 pearly fèt [ooi te saggwvtt a fanily of ali parens 

HÄ Mary farmere resait Lt debt. Of an estimated 67 perceat imdeàt- 
ofans amu fareere is the far north of Kiperis the average Iokòtoioese vas 
bi. ant only LP percent of the irétètedonss had beet wed for productive 
perposes. Rides of iztetwat cf DOO percent seemed 12 ke commu. 

1) land 

4) The size of the famil) le the mala DÉctarmitai of site of baliia,, 
altbrugA the sire of holding aggears te be positively correlated with the àe- 
gres of lleoli fragentation. Measures of lanf fertility ané £Zifficalty ef 
Bopairisg mere land were besbetsrifivatt Lë statistical tests. 

b) Upland [lele (poms) sappert crepe uly Goring “be taizy concern; 
[ata (rege aru weeally Loe-valus crepe (C.$. grew feats, siller: ané guises 
corm. Lowland (fòfant) fields supert croge (rz the peat; the crepe 
are Ligh-ralee auf laber-iatenaiw gg pwd as suger came ond naire. Law 
lané fé vèsally la high denané elace it peraits ¢rp-sesera eoplepeett. “Baw 
wr, la remetely located villages a Ligh percentage of lowland la fallow or 
idle becouse of ite relatively remota levetion eves fran sartats fer sagas 
(anm, 

€) la remete villages with pleaty of lani, the relatively liw later 
imna leeds t» a kigh lané tè Lakert ratio. 


Leet V. Boreas, Lal LGrem Ota eit (nisesgraphel) (bonare: 
Aumbbs Ballo University, iIsetitute for Agricultura] esearch, MNT, Gctsbet, 
144), m. i-il. 
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M Leber 
a) The average Lambert of mart-houors exployed varis? fran YO to 917 
Lar-dbrursfbectare forc Eiffereat villages, with the crop istansity almost the 
— Eiei- crepe, lecerperetitg ay te ferray sinees, Stëmmt far 17.54 
percent of cregged areas. 
b) A werking Ger is gert (seg five boure istiutizg travel tine). 


€) Off-farz enploymant te important especially Övrig the fiy semm. 


Types and opportunities af efi-farn jobs are Getaraineé chiefly by lavatien. 

£) Pest farzisg site fer lakot Lagat ane Dune ant Jelp. Ofi-far 
eaplepmeat ada. a slight pngative correlation wit tise Grnsief ta the fan 
liy fore, altbouph 2) fers were worked fa Dane, oseypanné with rain 1) Asye fa 
March. 

e) The amni of Land thet tat $a managed Osrisy the pesk lakòt 
morts ef Jure ent Joly ia te chief Geteraitast of bre man lend a {mily tan 
cuiltivate (2 avy cow pear. 

[) Meet Lier ee (amily fares is thet of (mily gut Säit, Ei red 
labes, uwally fanily farmere Lòt, afe mott sented le June ant Jaly whem they 
are busy with thelr owa fares ané whew cast respanoes for paying Aired later 
are lowest. Statistical teste show nr significant Ciffercence berena seantma. 
fistributigpt af fanily ané hired lakòt ou the faniiy fan. 


These three csm of kant-iaker agrioeltisal oonanaies serre Lè illus- 
trate the cumpleaity ef tie prefectiwe prees. Die pretensa are mol highly 
sagalaticateds la Dia commgercla. come af |olsgtalièt peterem DBllerert preage 
ef infivifuals: prefucers and onteumeri. They are complicated at the pro- 
ction stags because Dese gresye vé Garaftg peupie bave wiet a system 
ewr gemerations ta meet al] their basic msee£6. Meoremeer, it la a ritea 
«kick appears te Leg badli-i2 o edges agsitat risks af lav plelée of complete 
failures ani tie uncertalation of weather et ether catastregte. Tit aga tne 
agin è Léiert cc ukih fhe ponple kou orefisnant ei ati tanetaty te 
pauvoufe of (tol asifitatally fòt butuxsul. Tee fatratuttien of charge Ser 
ageer (ram within tbe erte te Legir an iztrlerahly high lew!) of inter 
talaty agalzet shlc the means ef Ltaiecig Aj" utp. 

fane Stoties ai saisal-poerred. MITCHI SS 

Tee teen are selected ta represent epatane of anizal-powensd agriculture. 
beth afe, lè kòm Gegtee, agricultural areas Lë tramities. la the Ollals 
Aeraja (sibpcerinoce) of [thiepisa, vare the Gallale Agricelteral eege lge 
Ukit (CAI) ef the fontéisk Leterce Sou] Peralopant Agency kat erpraized 
a tèikalital sesietence ané Gasperatica prewtam, s farmimg lé well estab 
lishbed and ensgine-powerwed agriceltural technelogy has Ve foetered under the 


Zei) 





| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


Penéíish program. The secnbá area la ia the vitizity of Lena, at tbe ems) | 
town of Core is tortiboastura Chara, Clos té Duatungs. AGfititaal ebsar 
watinns os wiisal-powrred agricalturne Lave beam taken Ire cases ja Cambia 
ant Tattatis. 


Gilale Atata, [1512914 


CH Lalo keraja la located au tia gier sión af the upper Rift Valles 
about i) silometers rund ef Ab£is Man, The area covers ent silliaa ber- 
teres, à Quarter of wisch is cultiwated. Giilale Revatala Gnmitates the ares, 
rislog to a «igit of 4,90] meters; most Crepe ane grows at elewetionn be- 
repens 7.00) ané 2,5970 meters. 

Tha area vas elected fet 4 epecial Arw liyat progres by antwal agree- 
td beten Da Driller ond dential pevirimatis. Bale objectives of tia 
prora are: 

i. Ta tobòmi srjerimeuls id the Imgreweemaut of produtti imi market- 
fog of agricuiteral predects; 

i. Te €lesemiaste mew agricultural tachmiques; 

J. Te asie stolies camtermed with the Lagrewrenat ef transportation, 
education, tralaitg, public health, commerce anb ladhuet ry. 

Thus, alreafy the arva is amber the taflaence of as eat ive maitidis- 
cipliaery édevelegeret progres, with the fersin community aears af the thiwit 
of mew agritcsiteral, social, economic ant éresetic teriaiques, Geen cre che 
prebomiaseni fern ef agriceltural power, sugglemerttetd by © trectere, ef which, 
Lhe Bajotity ant operated by the LKE trector hire services, end A few siv 
privately maei. 
ires ané 199 Tei 

Abella la tbe priocipal tava of Arusei Provisie which has a total pepe 
latiam af 711,910. The reral popelation was qétimaie4 te be 689,600, af wich 
the (Ailale Aetaja bas SI.) percent 081,062)? Other sais rere) tousa ta the 
Metaja are: fagure, Pipeis, Grade, Utepe, Reradta ant “eta. 

A reegt erwy. divides the pogalatios ef the Aseitla vitinity lato 65 
percent Ortiedes Christian ané )) percent Funlla; of the «ethnic groupe, Calls 
are la the majority anf sara the alnarity. These peegle live together ia 
well organized toune; many floranne live fa tho toua pui valè tè theirt 








M aperial Li gien Goveramant, Lef pe a fotsteg sé Atusi Pireiatt 
lepet Ke, 2, (ataseqgrgèmé) (Abie ibebe: Onttral $tatiotical Office, Daly 
1914), rp. tr 


Messe latoeza ten ni Education Department, Gontisi Apucidlanel Satay 
oq See Purgazt Aura (nda ongtaphad) (Adils eka: fwotish laternetional Devel= 
gg? Agency, July, IMG), p- 13. 
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fielée. The average family is the sample woe established os 8.) perom. 


Of the testé cf faratay families $3.1 percent howe additions] eccupetions: 
tetiere, blechesittu, Garpozters, medicisenez, musiciate, priests, trobera, 
tallers, anf wesvera. 


landers cuwgrise ki percent ei farmers la the sample fa contrast te 
LI percent teuaat taraseu."? Rajit ewmperehiy comes tirvugh parcbasees, grants 
ot lakeritante (4.4., unilegeted ennaritips: percent) (Fiqures 2.1) and 
1.14), amd tbe other pristipal form of eeeruit ti roug appetatanas by the 
‘hatch at arities. 

Pout types of (enanty errengemests exist: Mei shere-crepping fe wiisd 
ome, bDmgleserts anf seeds are borrowed [ros the Lett evnar amd lata: repel; 
té 1/) té texast - 1) 1/3 to Lett share-cregpiag fa vich the Lanbowsa t 
provides talf ef the seeds; 75 to tenant - 15$ te Landlord sharte-creggltg is 
which temett prowides all imate except land; contract, la which the rent la 
ailipelated is Lerma af probo: anb the lanéloyé previoee né ether egene. 7? 
Irëëgsesz ai ig exista la tie farm of eeparale forma. The degree cf fraganr- 
tatica ts jilw,trated by the follewisg deta: wrap reeted arva, 3.5 bec- 
Larva; averape percentage of crop vales paté la reste, JIi avetapt number of 
fragsenta, 2:4, ** 

Farmisg le prattited by beth mmer ané tenets. Per beth types of 
(arnerte tie overage farm site le estimated at #.1 bectares of which ti bac 
tarea la cropped land ané the pemsaltiet (e grave lant; avitage crea owned la 
Li bectates with A culti vates." * 

Tha sen lé at a kigt elevation ei la fairly maiot fer mret of the year. 
Jane throw Letiegëar fe aa1te-1) vet and December fe without rainfall- 

Tee lané is fairly fertile ané the ates bas excalleet potential fet 

malere egticoltural techaelegy. Fetfigenpty, tudeonels cj £ tcu tay tie 
emp Str 4a Lulu d ont Che fecely iretasticateé Govèl rt totel owe lijt 
sirali (eral. Pala Gee gtt #pitinalistotsons of moéetoi teline. 


Stout eni Coltivation Proctices 
Pie types and percentages of crepe ané the evrtape percestage ia twe 
ones for éstk crep an presented ia Table 11.19. It fa m umumnal for a 





tibt., p. ii 
ZA. e. p. D 
Hm4é, p. 12. 
Sbi, p. 28. 


gu bengteees, Cadfiwelice Procfitas ond Cha Weed, Feat. ond Fiitzse 
Silutkisa ix Some Fatty ei Cha Chilals Artese (oimeeqraghed) (Adéle Mada: 
CAT, foodie’ laterzatiewal Sanve lapat Aert, March, 1944), p- 3. 
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Heretts (Chi lale hers! ttippia): Small ferser'o imil: 
onl hmestiepl The [arser onl b', fanily stand la front e 
thelr heme. The larmst|tend, precected [rom venbering stinals 
by a brewtenn® fente, fa located eleve te the mali tan 

si oroita. This (erer is the enfiapeted emer of sant 
five hectares of lant, Tè the right ant behind the brust 

is © mall thetcted prale «rib la which barwcted cereals 
are stored (Figere 7.15). ATE- MA) 





Figere 7.14 


th j: | 
1 The format (ig soit), bie wife (ext rene 
right), Bie modker, Gëtt end foru workers eteni (is freet of 
larmt's boos. Typical ef à larger thee eversge Ierger. 
be is the opditteieh emer ef ekert li bectares of land. 
(Ar13- MA) 








(arenes Lë grow all bese crepe fa vy bremsa. All crepe are grows simply ti 
separate plete. 


AM. At  ORILALO AWRLIA: RILATIVI FIOI) OF OCT SKS kolan 
Sa Percentage of | ; Percent age of 
ivi Tit rate pn 
wie at M | Lett i 
lay il | Flas Li 
14 J | reas "i 
(a bans 1 
| | cular l 





— CAST, Eatexalcs, anf léucat ion Drjartmeri, Cont ral April out turst 
f£atecy cf Che frei Kus, p. M. 

Plowisy egine about a weed after the crat of the ralss ta March-April. 
Seier. Land which has Late fallow lé broion estlier, beglusing la ieptenter 
of Qote@er. Three or four plowiag eperatiocs tate place on fallow lant keier 
ssil baraisg (practiced pewerally only Le the ecathers parto of the provime) 
is began (a Javuary-febTuary. fa order te break wp difficult cledr lané asi 
grass, turf plowing iz several firoctioni da prattioof, 

Land unber caltiwetier fa the previa &4eart la plowed pom tine be teens 
Jezuary-daril. lané te flas and peas recelwee only ene plowisg dat for etier 
coupe the second plowing taies place Agril-Xay, ané im dame, the hind pre- 
pares the eeeíb-bel. The feurt amd last plowing la ittenbeb te rreg tbe send 
after dreadoatt piattizg but during this process awch sesi la berisé too rply 
fer pond perzisatint. ls the tase of Dit. ood la cowered by asimal tramp- 
TER L 

Maneres of (ang. grass and mies ane applied te creplamt, bat moet Aung 
is weed for fuel; the application follows the firer plowing. la tbe eres spat 
or teelle., mature fa abtvé after well burning, falloeet by a final plovine be- 
fare plating. * 

fami crep retetion la pratiioel. Moet frequentiy, [lar precedes ané ber 
ley follows fallow. The following are Une moet general rika: 

l. aries — fallow, 

1. barley beans sf goat — flan — fallow, 


). barley <- säint — ena sf post — Olas or [allw = fallos," 





Unid. sp. $-bè. 
Tuis. . we Lë, 
“itid., p. UU. 
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Crey planting tines are set out is Table [1,00 siet with eyprasizare eret 
raies anf prices. bei rales of lacal focwers vary widely. 


OEILALO Kekili: DAF: be Ti WTR tal $122 MIT, OT 








Air | 113 (RH 
eatiy-2i14 Duly | 114 (BR: 
eartivr-214 Air ya" TS 
até-Late Ari) wi 4.87" 

lata March-late Apati | £.4. a. W 
lata Jupe-44fiy Jely | yr i.) 
mié Air Im |^ 4- 
sit Jeiy | 2.4. 2.85. 


mié-lat« Jum Fè La Ka 





*jexgtsaim, dp. cil., po D. 


biers Leander, A Zut Study vé Przsoet Potaday ic Bit Pipila ant Veloms 
Atik, Chilele Aveset, Einir (ainongraziond) (Aófis Mbeba: CASE, Piansisg 
ané [waluatinr ettim, ferdii lateraatitaal Dewelcoyeeti Agamtey, Jatwary, 
IMP, ti. 


lbid., p. #2. 


“totinatod [rom weareey of 12 farmers by ta Liafr, (The Agricultural 
Izomaugfat ané the Assistect Rostarch Officer gathered isforaetien it a smali 
rier of LI farmars Le tile ares.) 


Calentar pé Syrrations 


Tha óetalla fer the caltivatien ef crepe ane contaioed Le Zeie II.I. 


babes Diet rides ten 

A suggested patters of labor distribution fer a farm ef J.i erter la 
given fa Table 11.22.” Labat regelremeats tepi thet prevideé Vy otis 
(armat ané kis wife are mèt by a hired stier eattity Sei 140.00 a post 
glas rona end beard. Aéfiticmal Leber cat be hired Oeriag Ue harvest perisi, 
The wage fer dey Leer varies (ror 19.)2 te 0.4) per ter 





kan 
V eotinated frem data fot a farm of 4.4 hectares fa the Dipti ares. 
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TAMIL 11,217 GRILALS RI  ESTIFMATID AXIAL SESTRIMETION OFT LA NO 


Figere 7.15 


ten Feb. d mon | — — aug 
, 1 


i 
' | 


i piki 


ti? F 


These bits ore er the 17 betiere farm at Lettre The leret 
wperes volile ati Aë Cëetgirtvilpm leeres the stored greis 
veesily eccessible te romet ané imerct attati. [t pane 
testé farsara lioe the cribe with karé estere ané gu (ra 
2-3 cm. (ich Plester bas beet experisnated with te lia 
the rika te focilitata fanigatian but rodetto tear holes 
ia the lising wtless the crid is elevated. enf protected ky 
eoptiretes" clishieg shields. (A. MT 





Hal 


15 





la ebfitisa te later the sole Läit la seed. farmere peneraliy ase their 
cen sense et ale? make purchases va the local saria: ané, tocressiagiv, fren 
Si. The etandaré variety, Letr L, seld at flè, A get palata] is gQupelat 
tat zët? varigilas Live sien greater isgreremeett than teers I fa field triale: 
Agigts, Of? pertert intrease and homey, Pi percent ewer kanna | rieide.”' 

Pee ephel mote cf reegt la the donkey carrier, shathes enel. Lnabad 
er wte locally biroi at a charge af 12.16 ger quistal. techs ore as edt) 
tiome] cost ad $2.10 per ouletal sé grain. Tatil eské ar weed on tae far 
graim te terei 5m bastes-lika grate cribe (Figure 7.15). 

is @6fition “ Liste Jlepate late the lo«al farming practice, the GUIE 
Zeg geg program da iiflosentisg basic esitivatim practicea. 4 ei, 
ZLëtea Zë (iise IX JUONI KHAU Dep tupulf) rj CN Lomb wont and 
&iaaaCa Oy pits (€ RER poor; Gi fei det Zaiäm: sii. Model farmers wert 


tleealy with the eaten tin spats. 
Tights of Mies Crepe 

Pie awetege yield £at) sòn la Table 11.1) ant Saeed an rabim creg 
réi, peneraliy piels éotiize with Lrireasidg siti tube. P) De farning 


iyoten lé letegratec iste à parat «conos; allawiag sariat prines ta be essi- 
mated fot ert trap. These afe [—clofef ta Table [11.1]. 


TURAI 11.1) CONHLAIZ 


KLAL: ESTIMATIY TIN., MWh TZ UO jan TALIA 
Fou z , 


mc bat 
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biast 11.6 | E- TRF 





kat ley 14.60 a Ki | té AS 
Hai ra | ji.i | A.C | LIA. ki? 
Fedi 12.5 | 12,40 | 143. jé 
Heng puua | ki W | +. ) 31.29 
Wies ‘us fi $ ta : jé, 20 
Jé at. | 14.1 m CH 
Mwa 19.4 pi | a 

Rentils 2.4. 11.00 | 

f H 








Tome, Lost af Fuels oué Chactvatina ef Fiili ond Zaart Con at 
iilius Fate ond ou Ali: go. 17-14. 

MCN, Womotecduns Coteus dot Silackao of Modal Fete 
eters aged) (Atis Araba: fendist Lrtarzatioal Jevelapanmt Leg, Jane, 
$44), 

rant, Lët Somedimg co Pep Milele Atert, Atzita Pumonte 
(nimrzgrapheb) (bitte Ababa: Pretiet irfarmational Geewlegmret Atert, Jan 
itii). 
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Letisated annià] prow tire of at ev rapr fann fe calculated im Table 


TARE 11.739. ONILALO Ski: Gr OF TOTAL OKT PRSDGETIOK FCR AA 





rele tic 


qelotale 


14.27 
1). AA 
i.t 
1.41 
SS, fa 
(D vw 
).9? 
&. vt 


Lë 
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Tech farm carries livèstoci, for which pyrite malere ate reterord 
in Table 11.24. 





ki. A 
“cas, Eatension ané Ròutatien Sanpartment, Gongal Aprionltansl Satu 
ef Che Parsect Aces, p. 15. 
“Latimat ed from survey of Li farmers. 
Case then tmt. 
Many farsets pay fer grosiog righve tw the lovilabfs where mher herders 
louk after the stech dering à marimus perio’ of June through icenian. 
ical charge per besd per mouth te ka, Zä, ki for cattle ant kt fer sheep 


LES USE 


At liann 


Li.) 
ie. A, 
Li. td 
14.31 
i. 
LM 6 
41.95 
1.4 


si. ii 








The aree bas à fairly well-established Commercial econory which ferme the 
basis fet ecemomic develar. A sigeif{iceart anmat ed fern produce is mar- 
betel is the La terre ané farmers cgetéte Lt an economic eyaten with wide 
Clectestions is the sonal cycle ef income ané exgucees. income free trap 
sales le megilgeable is June, Scteber, Koresber ani December; bailéóe 1p a 
little frem Jameary te May; ané the belk of istome flows isto the far is Sep- 
tenbet. Livestock sales are cenfisad te January ani May with a very small 
epoust clé is teter. 

Apticèllutt da Dt Milals Auttpt ib ce A state vi Itzaailine. Impiowe= 
meal au beinp detrnéutné «a D4 (etm of out Conds, fertilizer and sité veti- 
CLU. Pontameszal chage is takitg place iè expaplirg the use of tractar- 
powèt, tbroeph CAHU hire facilities. Owners cd larger farm (DO bectares mni 
ewe) are willisg te pay tbe relatively high carpe af FL. per hmr te kre 
their lané dish-plowed rather thas cent imu with the teius ef conventional 
es cultiwetien. fme farmers viis : .. Lò hectares of Land alreaty oe trac 
tors abi otiers are bwyisg tcactcrs ee either an inéepeadent ci coogqeret ive 
basis; they (Weegelite thet for prodactior of wheat ané otier cereale fer the 
market, muA4TE agricultural tillage equiparar, is wegetieor LI means tan ke 
found té bey of Lire the right eqsi posent . P" 


Oricrtiaes jervice Comittee, Cari, Tyger Cana 


The bané-laber woememy Lë the order kagloz of Chana slreety has bees Zen: 
críibed ic e examgle [rem thy luarusps ares. Tbe apatem of farmisg at Gare, 
Sertb-eastets Chana is very aisilar to the Leacenps arme. "Ae Orietias fer- 
vite Committee (CH) fa werkisg with the local Fuses! farrere te renew kb shit- 
toned vystam of anizal-poreted agricel ture. 

Guan training Cedere were establiobet at Eostumps iè 19M ond io the 
kottherr abi Tyger Legions of Gums, iè the districte of Leste, Levrenge ané 
Tanale la 19M. Tree lofeyryuéance vatil lhid farnisyg with comm was ditonst- 
aped mp) the meal-Derchisg station establishaí iz the ares elimisate many aai- 
malé. Siow, the taster of come is belag tacreseed with atteagte te re-opsis 
asé tetrais (armert Le the forgertten techaliqure 


Sait la jin betel Doroorr 

Treditiemlly, tbe Lusasi téit are crop farmers. Aer cattle are re- 
gerded «6 à otite of wee th bat tèt comers leave thea té the care ef the Pulmi, 
ep Lt cettle-terders, fòt a price ef bost $1.0) per anizal. per antes, ané 
SE met tiini of wee them pp wort animals, Table 11,76 ehews aa estimation of 
the bwete ti cose farmers is the arva fèt the period 1939-1944. 





Mi aster, op.cal., p. MI. 


ww cil., pa 13. 
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1,259 | 2,210 | | 
156 iv | No 
* Li e 
yn té wao 
GC) i : 
2 i e 
y y tè 
1 $n 239 


—ii | —i} | — 13 
LAT | nan | 1,16 


“Source : Begubblit of Chana, Kocriloonria |edotmatine, 41-2941. (eise täteg) 
(htcta: Ministry of A tsiture, 1941), 5. 64. 
tot notes by EK. Teali, Ster Chief Agricultural] Officer, Tamale. 


This area la bwavily peynlated; H beth humans ané cattle are fa comgeti- 
tien fer font producing lant. The sitwetica is apsravateé bx black tiy liar- 
tiet ed rivor blisânsss) Le Dov-lyisq river ereas, sehicg tioa unisted i table. 

bime the thige ol pevernawat ia ifit there has leew sete au t auact ap emunt t 
fèt cae farnisy. The principal taye which tat Ye odtivatef sre: preund- 
wads, peinte corm, maire, millet amd rite. The povertanat is premeting the 
wee of the kasme cn plow; tbe Rertbers egies atanta service tertie 
1,575 sold is 1947, et WO Unibar malti-puryose tllare kreeg iste the ores 
by local agente for triala ané demonstrat icas. 

Tt hee been estimated em the basio of corren! CiTy values and the creg 
flstribetion that te Justify cwmitg a pair of even, a farmer ahoulé here bas 
tween 4.0) abi 6.0) hectares of creg land, PD deye of tillage werk ant 1") 
asye per ga of carting week for each pair of animale. Gre estimate of try 
Élatriketisn ané werkdnps fa givet in Table 11.17. 

The entire ares ef tbe Portiere ané Typer Regis) of iis is euitablé 
fer the éerreleqmant of nisd farming bat goed Craft animals afe umavallable ami 
farmers Lack credit t» purchase thes. The capeuioece of Lei Git aa Chel 
hear BRONLLA are wether Lerge mot along Cuna £r pull Che c3 Zi met 
ieftnduced «ete Out attr ty At prie tumet. 


YES | — uii 


Tee Gorietias Service Committee (CHO) bae bwen respanmetblé fin bevilrging 
a Habt ridgisy plow, fitted with a vole, wich ame Loreal vi oun (fae. The 





Mine follewieg dete ste availble free the hi General Genesee: 
belgatasqa Atoiatotrative Séstrict (imclubeo Rests esbéistritt) fetal bres: 
7,173.6 equare kilrmeters; Total Pepalatiea: 354,057; fra. Gato: 71.447; 
Total Ouse farmers: 2,220; Total trectee farmere: A. 
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AAA 11.2) MOTHS QNMAXA: ESTIMATE Cf FARM Gace AETRIKTION ANG 





beet? 1 LAN ] sisal | i 
Omer leanes pas 
[te a Afe : Settee 740 atin HIT I ai 

hectares IB 

6, ki | 1.77 lé 

1.214 12.4 | 15 

1.414 iv. 13 

Millet (late) 1.114 | 11.) 15 

| Rice w. ko ba A 

| 3.240 | i^ 





Lët ce? F. Teali, Regional Agricaltural Sdilcer, Tamale District, 
Merecnal Ieterriew, April, 1M4. 
price sf the plow carries a slighs subaifr by the ac" ané is vitkhis the 
reach d most lacal larmere after cow Lët woe. Mery {ateers male the 
ispiewent pay fet itosif by takisg cm comtrect werk with teiptèore. Cartizg 
is abilise? limvratisa, The sew cart tat bo marilbttured out of Ital material 
for 115.74 ant te to be rem by a pelr of (macys. CDembeys are plentifui, 
mere easily manapeé, relatively cheaper than pec and there are re ositeral 
tiwa an with cattle (fetnisy part of the tie, zeiten, bhmerver, Amàeys ane 
het at elroy ké (944. 

The CHC fa reegemsible for other ianpratiems! an inenpemeive grais eile 
which lè wernde-preed; Cigging wells [s an ettemg: to alleviate local water 
sbirlaqua. the Drvelrgamai af coge mabsfstteritg; carpentry Geninatratiocms 
to isptew the quallily ef Geer feraitere: and Grama t raf sms to Leg reve 
iota domestic sanitary ceméit fone. 

This fa a pragzetit approach te [eral egricel tere] ttineiogy iacluditg 
tit retabiflakmeat of a sali treitiog sc 606] fer vhert Opere Ssetruttien om 
#taclital problema ané imervations, fer Illiterate fa-oere. 


This wou of Cha COO domoes(eetes there opgëtt Plimtiplts si peat of 
Ou Gë of aptitaltonst meohkeed 22140: 


Ha, ples sppeers on the price liet fer 1948 at $37.48. The ptite 
breakdown was as fo] Lows: 
Flw at tent i N.i 
Fackitg 1.4] 
Tramepert 1.29 
Abaitistration 6.13 


E EST TT] $i A 
Tete) Cant $ 41. 
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EE oo eebe B ne e A — 


1. Local preblene suat be studied separately ani Car be solwai oly 
partially by reste pereramant spemecred pregrans,  Adcefow SCC mes be 
GLACE mul ka Oe apozifit tte, «datt ene Gookaslasy «à Co bi apli l. 

l. krzima|l-rowrted ee/itetiteiieg [9 a lpm tant tesikiay Ereite Gat a 
jcr&lation ectus\oned aniy té bhabi-pow red tools, piste mow pececagdes of oal- 
tiwetion Gë bo domes tected cad Lose’ vitai Ou added coeplicetion of 
mote ampia! Cicelad metkimity. 

A. latal itatraction correas become popular if Graipseé te Come te gripe 
with local problems 4A fon caf methods whack coe bo EArinalaked by Coon’ 
red. 


kbzitiornal (heerwatiens 186 Arimal 
Dott: — Cambia, “atranis 





it 193$ the pevernmant cf Combis establiahed an Ca-2lowisg Lëtz, and 
i^ IPH che same was changed te "Ixad Farsing Centre. Fr D$ there were Sé 
bwit cestero, anf as of June, fralres tad exr2li4d. Lech trale 
is a young aen [ros lite HA years of ape vto takes klé two oma te ome of 
he (Cptilers far a gariad of P 1/2 mantha ; receives a cari bat Gan receive 
foui fer kineali ant feed for tis vwa. Cmocomletiom of the Gëtt tad 
traisee lè exteurege! te buy a complete set of Legrend creiren Legzepertn co 
liberal credit term. 

iv id a epociai ewalastive stwly wes mét of cu-giowiag is GCosbia an? 
the ptincipel cemiseliae were: 


, « « weet of antame iin stall whe participated ia tis 

Herir . . . vill adait thet cartizatita ts viii by the majer- 

ity of the jessas formere becaire Dey rightly come tè realize 

that fi ia tbe wd isendÈiate ansewsr te thelr mechan: ret ion 

gä tedtilree . . . bath a plese which der alst safegusré wa fran 

os wigtepered esketistita of the Gell cote e ect 21 stii- 

tatisa Itractorization] of trepicel sollo. 

Tee mère efficient farm power permita the farmer te at rwans tis total 
production, anf by (nb Ung putida pou Ltr, bal by «ntenssin; D bot 
fatta pwi mie. Ter exmamgla, Lt Cobia a detailed atuby was mate cf ra-cuitl- 
valles werees Labé-bos cultivation by a etuiy team Lod by Paeartmh tore tis 


O&ilwersity ef Limi, la the study the fellowisg grasgs cete Siònitifiod”: 








Hate ais *X "Greet. Leef pe Or 10544 On. Satu. ou Dé 
Watty lilaaf Pivisine ré The Garbié (aizangrayhed) (Bepartueat cd 
Agticaltere, Gerti of The Cambia, Jansary Dh, il). 
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l. 
da 


Farmers eoataj ané vim miy baté-bòats, 
Tatmers owning mly haní-boes bat welty She rezieirt asé co 


cultivation service expplied by mel gtheriag farsars. 


3. 
i. 


Tetraized larmero cemisg até velig cr-Óraem opel peo. 
Treised farmers cenis ané using riter egprizmant, 





The yield per betiere, total bectares, ané total production ed grouvètste 
asé xillets [oc farmers iz Croup 1 (hand caltivatio geil wert talcelate! eu 
a relative bese ed 100 asé Ube correeponéisg piels, bectares, ané tekal pro- 
duction fet Groupe 2, J ané A were avetagel and compared as oe grep bac suse 
all of chem ceed excuitivation., These data are gives is Table 11.74. 


TAMI 11.148 ASIA: A OW MINE TER RELATING FRCEGKTITITI CH CCNI: 
VREAXCKEIBLUR MK: Xl HY LAN CHRTTIATISS GET AS CI 
CUL n 
Ones Ceitivatiin 
Tial4 | | EA HS T tals 
Areas 1J4 IA) AA) 
amal ALE | iat LI) 


| 
| 
i 





Tee ters millets includes geizea corn, peat] aillet, ané éijilers 
Cl, a nisat sillet. 

hmnee: J.N. Pesvéch, Tag frei of Or antik alleen eer. Sutocy, TI 
(Lemdica: Vye smarersity College Exploration factety, March, i»), p. 7. 

Tta resalis of the gtt suggest lakot efficiency of the (armere usis 
terb-powser was JÌ percest greater ané grav locam fè perest Ver thas 
comparable farsete veleg cals kanf-power. Ou collewekere ct Gombat pit (fas 
cerk Gëtt le sèlzin Che sant pielé za Dt Lëpmnu vèr sité Ze kou ol- 
Ciwetise oad akse (f dntecese kis total perdatfape op $5 putnont by Cubfavafung 
JJ percent mou Laal. Tertamately, la moet oouttries fa Equatertal Africa 
there is abejsate lané fer expansion, bat “aly the best soils boulé be weed 
(Figare 2.16 ant 1.17). 

During the past year the gqrrerfmme ui ti Teneenle tan turmei ser? fran a 
policy ef actively entoutagiag englae-poe red matianisation te om of liaited 
use of trecters. Mere sitention lè mw beleg gives te meet coltivetion, wits 
recogzitios thet traztenr Lvetinmg kigh prodettion Cents, a vide range of ipe- 
tialilzed eaggttisg rerrtidtev,, khi sà1lled tectaicions. The cropping peteatisle 
ond stil types were éxmmised ia sary stress of Tarral ant, viore petsatial 
crep Gritt fren Postify treiters, (he gem ramet oes m4 enopenaye their wee. 
Moawerer, tiecters ary afvxated vine the etale ef egetatinos le onl ficieatiy 
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Figere 2.14 t t de: tan ik All M mised Farin 
Centres In Cadie «och poung hend-hee (eer té became 
cert RC.-TTI farmers. A detailed study of exestisation it 
anle revesjòé thet an the everege Che ca-geeered farmer 
coltivates an eres one-third lergur end probixes ane+tiiré 
mere field crepes thet bhend-hee farmers, while yield reeeinn 
wvbthartpsd. A fortiter locrves ie agricultera) rre@uctivity 
cot be expectet feliewiag the aee af imprrend sevis, ierti- 
licere, plant pretection end agreed hervestitg ané par- 
beting precti¢we. Thie pittore sheet à yrong ferme: TEET: 
tb mudlti*porpter HA tasikèr te whio, (a etteched a 
ridging defy. (AT. AA) 





Figenr 2.1017 t H - This picture 
hers à pours farmer weing a single perpese Docet ridger 
sebe by Lene. Toe ridgitg plew belps the fereer is 
everome the tillege enf Led peeperetion jettlemch ant 
sales permits him te prepare ent Plat! more lend thes ha 
ané his faniiy cot effectively weed. ditiatal weed cm 
irel techalquee are ect blat] te orercens this aw Limitet len. 
(r1-313) 








large. (The capacity ef a pairt saf coca bas beet estimated (ce Tatiaria se 
4.0% hectares pat ema, ) 

la Tensenie there are rerieus limitatints te the use af € me, erumerated 
oe follows: (1) the presence ad devi litating distare carriers (e.g. teeter 
fiy); (1) a MWA popuniti preesesre repritisg most lend té ke kayt Le croge 
fer bumen Cnteumptlam. (7) local Leck of expet tante fa hemdliag cattle: (4) 
larseres irosif/cteatiy sillei ia oma triktiques; (5) cn ogrijmaat prseraliy 
eet very Geradie; (4) fregomtiy, high mertality ery cern dee ta lack of 
care. 

loco regemerd 12 the Ap af meper through expandiag researti ané 
teetisg has helped to singt ca-irwer ovaiyarn te esit the garticelar sai? 
coméiiions eni faring systeme la Tantaaie. It ie believed thet a number cf 
ss and former treizisg centers ekoulé be estabitebef. font cougerstive unica 
and eclaties may be entourapel te held evatks of standard za ispleneate se 
thet they are availible fer local wee. Field officere will be encouraged te 
receive imetraction fa ee-qultivetion teriatqurs. 

Three poiste illuetrete Tentanie’s new attitube "ëtt assi os m iag<r- 
Lat omme of fan paws, Leger, Cellizsan?" has prizimié mt is bis fam 
mirlspeeesi partey af the Narwa district that me efprifitant benefit CECIEL 
te Lyre accroeb te formers fa tatretuticg a nv come colt! vetion grattice tate 
at alreafly well-tatecr ested tant Dechntlisegr. The ispettane of pretles-eolriag 
si the ixal level 14 reltercated iz this etetement titre the Latredurction of 
4 bre sedium of power cubet be estonesfal LI merely AÁÉDÓ te a setiefectrrily 
integrated Frites. Kew ferm af powèt leal te Changes is the system at an 
Lat in cometraiate are qwertoee ané twe Ortatrajate Let ze byport. 


A tote an Ou Taisin 


ip the Africas ayetra, ter te three sem are reveired to drive and pelle 
pelt of corm la plowing èr caltiveriog. Gee man leeds the gt. ome bebis the 
piow or ositivater, and sometines a (Aird prale ot wAips the carn. ja an el- 
fert to Lagtrve matters, cempi4-cation was jiré tc the pobman vored Lt the 
Ter Lou’, poritosisriy fa isila, where a pair cf oma is vent and cont relled 
by exe |t with fupe reine attached te a tone rege, The ladles methal lirei 








Mit. Ceilizoea, Farn Monnpomoni Satory Ni. J: Lupatt (onec hy Donc; 
Wut Pelliet; Siimytapa Vrpire, Tpeptegdz (mimenpragbed) (air igers, 
Tarparyika: esters Reglo Research Coster, ibti), p. M. 


44 M Ox Mocking cj Dp [zat Aititne Wackoerhg Spozislist 
Come fIr (extracts frem tin ~(autes, Temqera, I6)). 
fe i. 











yierciag a bela la the septua of the woes, passing a rege tkrasgh, ant tyisy 
it behiei the berre; sples riye bas preref beet. The beast is then left fan 
three weeks for the wound to heal; the rege [5 termed catelally every Arr ola 
te sept. 

èn fèe BEST slapt, a lang ripe was tied te the bose rape bebini the berni 
ef each en, Cm man fet each va van Tegeired, and be keete behing the ca at 
ell times. Alter one &ni twe beere, it La presible te dispense with the two 
Se ané Dring is the trainer with Mis seeletent. Alter Greg cf fou ture 
vèti, the emis of the Leet ropes (refize) ere joinei together ani one san takes 
over. Vitka a fles daye of traisisg the pair ef mea Gat be hitched te asa or 
tart. Alter a [ew weeks with an eu-cart they can bo allowed to pali Lia 
lag iesen, ané iz twr rr three menti the cien ate fèséy fèt bitna] fan vwari. 

The come mart corer be allowed te become entetalvely tire) eg discooreget 
Asrisg the traizisg period. There cosl be difficulties fran the ewpervierry 
polet of view with plerciag the sove ami ashing rie the ripe wee termed daily 
&urisg the (iret three weeds.” (Figervs 5.18 ant 1.19.) 


Loge General Cow lwia ca Omen Poser 


Ce-cultivetion terhtiques here tertita afwattaprs, particularis fat tie 
Call farmer, over the usa ef tracters: (1) low Tuttitgp (fete khí be Zeien, 
sity for depreciation allowances slute re«glacemelts ane boee-bred; (2) fairly 
tory BaLagemani; ()) Ge multipurpose titere ef the animal, rrevidicy matere, 
lira power enf «ltinateiy meat; (4) the Comparatively small cask porote 
botéri lé epetate a pair ef vann, almòti megilgible Conpared with egxtatisyg a 
trotter; ané (3) aizisal fotelgt exchange pepsitenatts. 

Tt DÉiknfrattagua of cet la cogatispt with trected Cuoltivatior are. 
(1) the sloeass of oer which makes timeliness of cultivation a proles; 
Léi cest tol af the animale te sore éifficxit ané com rett cultivation lees 
precios; ()) cu-910e124 fe difficult ia breahitg mew lant, heer, lead, avi 
wenty weil; (4) Certalt egeretiog: ore tepeesible by emea; (5) fitt of can. 
lè éeteraiae! by Che quality ef feed evallablé. Oem must bore wel ted le (rar 
lag labé abi tanti ggetéta well If they act badly ecoured at tès beginn/ sg 
of the ploviag sespan; (4) oua larais, le impoesi)le is teatee (ly arem am- 
iese Lhe animale are praletant La trypstasenissis; 7 (7) there are tercela 
caltwra] attitobe) (€lecuseet fs relation te agricultere Lt mertiere Sipario 
and the verh of the CHO) which militate apsimet mised farnisg. 





“it the minotes of a meeting of Che sant boy beld two pours later at 
Egettan Callege, Fiert, Lepo, the followisg stateseit io found (9. Ahn "It 
vès agreed Chet tralajiag of comm fa pairte to the far Lastera (Indias) eriten 
was previnp a vient euotess bat prebet expending la pome aran." 


ime preprica] Cieiribetion of petite fiy ant livestexi producing 
arces Le Aftice ate shows ia figures 2.29 out 1.11. 
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Tigece 7.18 


Tigers 2.1! 


— 





The mes! cement Africas sethe! ef s rivity oosvilats of 
a! Leen twp eet, ote wiih the ispiri: ané ote with a 
whip abi a loud route,  (AFA-LI7) 


tiet ie : Tie iet vett fiv 
The helsa (Itdiot) selhal ef ca driving fa being iletre 
éuted (ote Cambie tetesst of the sere |üugetist Cotirol 
ever the stimals. It tenaista ef è rege threngh tie 
best ané ore reta (lise) fer erch e Toe thie woy one 
aoe tèt handle {he ann The "ised Terein Castrws ore 
esing this sales eethed with euccess. (470-324) 
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Figere 1.272 
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bBearce: Bele N. beer. Outleà fer Joins! 
Agticultere ia Africa’, Procoofgiapsi H ptit inel 
Testzntk iailifalt Fiflteesth Anual Camera! Meeting, 
kaakitgtèa, D.C., Ccteber 15-11, iia), p. LM. 
(952217 A) 
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Figure 2.2) Due Major livwatesk art tise Greng fa Hz 
koutos: ele N. Lontarag, “The Cuties foc 
kalas) Aqriceltere ta Africa” Pirotosonsi 24 
Du Atte Gei Pune] Tescotok iastilste (Flfteenath 
Mutual "eetirq, Wlingi, $ C, Ataer 12-11, 
I4), s. 1M. (PLIL) 


A omgariom between tit field tates fèt cart aki tretters Let! ates that 
à trecter la ble te accowglish is me bout what a pair of oe Cat olere ka 
a five-hour wirkiag dey. fett, Pug Zéit paly comes cate «fi d af Ali 
(px ^&ilpe Oie bi LL gwet a (rati, letpt atis Gad be sité iert pié 
potili sé Che peat. Trselpt fittd coats att kopi ce Greff la lav outa 
«ud can. 


t-a) 











ef tayi et i 

Chwa rratd fans of enjiae-powe ras agtiosi tante taw falles tate three paneral 
(ategéeties: eettlewes< scheme, trecter bire serrices, ané large-scale iper- 
atima. The Aeast Valley datbority, Middle Most Settlement Leg (Ithkiepia), 
hee provides detalled eopnoaic fete om tie Gtyrvlegennt of a eettionert stien: 
sims PO); e0fithemel tachtical isfacmatirs bes bra facledet frog tib ea- 
petinte 4f the Basel Sheet Liege, Le, ané the Lien Fara Leg, Tartas la, 
isfetmzatiot on trectet Lire sarvicus bas beer talc from the mizistries c 
egticultere of Corpo, Chana, Bigeris anf Casbla, with sdi” jésal couclusions 
feos à erter by the IRN ee the Last Africa trecter services. lLaeferwit ion 
frm lat,e-scale entérjé laté kas boat dèv alpof [rom tires dias milar iyere- 
tima: Tenésto Plartatilons Pure Cospaty até large-scale Come filial frais 
stated la the jetit-=Humera area, bath ta letisgiy. ané [ros Seteragri ia tie 
very Coast. 

Tentsio Plantatióoms ams fatit-humeta beth rejeeni ackievranta of 
A? Arie eta qat ian, (gilt etepanic moetirwation fa thet af poetic. Al thang 
Tensbknr ka a sitt vertere with the (thlepies proefaeeri, te ergstization of 
bet’ tiese systems of commercial faraiay fé fa the ends of private Lndivid- 
vals. fetta ca £ LLICEPDOL Zi Hall ned ondascAauz[ DEfontpiiit deng da Dhu 
Ptanili aq. [rt og Der DDGRÍMCA Ohang deck pesid nof ba mutila te thu 
plami Hl crni Aere zgeent, eoprcialliy li private entarptise ané prere- 


merita a "bie te q(uurdisate their gg4artaticma. 
jattleseszas: Tiétie konsi, Ithiepis 


The fassia for edtabiiskiny Che "lódle Asset fetiiémant biis veri 

` 

i Lévratiisily, 431a 
èl 

batt eaat te bered gn the tettmelogy of grewise irrigated etime. h.l. reer, 


Sisi tetinital, wit* oontoeaitant exticleglial Grape, 





Heer tlassifiles rett ien? echemes a oc gërettiai teal fat develapaant 
etco¢diag te Get cataprties of estaiilistaai: solely techtital groutés pet as 
irrigation af a fermeriy wocgulete!d area, errean! ef people [rom cw te 
ubtbrtprpalatedé atest; end entit-politicaj |routés enti at Ube wudfivialgn ol 
arpa bolatas, Che satlleaeit [ reivteen ané pipelcelly bandicaggyertd people, 
&UbLprtl-leavzef? [à eff as à Catalyst te lal fedme. — ettilomrtt casni, 
Lowervet, ate oue of Lar; totis Lt Gewelepewat ané the sce irrelre people 
"hs alèt have gétt abi aegitationa te which the prone fat settlement eie 
Sin. A£ Bet be usrelated. 

$.J. Core, Aprocrdtanel SeCZÉoOmont ín Sptads  (xi-esqragühed' , perer resi 
4t tte Apnea) Confetveme of the Sgends Agricultural Lë faty (Lasgala: “okateote 
Urivegtity Callege, Iegteader, 194). 


“a [iijdey Sa Laporte à evubétantial gewertity ef rt tan anbwailiy;: DM, bat 
m-«" 714 toua; LH, MÈ) matric Lama. 
Paited Ratione, (eater Vert Beet, Tei. KÉ, jy. DW). 
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inite LAW aie ja te grew ctim oi Lend formerly grared by tie París of tis 
tomalit Alar (Durai le), fòt «chee la Istenòbl Lè entourage a Dumüer có liess 
pesgle ie settle ané betae ositiratora, The sacielagical sè jestives arè: 

T To lagrere tle wmm wwll-baltg of the maa vis beccme ositiva- 
tét -eaettitriij 

2 To lager the saettlara  coeditios ef esaltatios, ant level of tealti; 

J. To latrafete penei ebusatismai ané civic facilities. 
Mati a settlaemant f> «be middle heash Valley facilitates abeqsate manipemeti of 
Gies prebeltion ané the latredection, ubir Close Raetaprant pagarria, of 
ow capital ic tee [em af agricuiteral epgzipeamt fer earl, ositivatien egera- 
tíons , Pertie: will sftqeste mrrapemert, firdlaga of the rent Tussarlà 
station of man erer m the grofuttive Trëtt tat bae Latredured Tia 
econmit pragran la Gtyigoel to secccmmodate gredeslly LWE Afer families, re 
velticg ef cath pomme 3-450 man-layi of witi per peer. Aa antawal Liege of 
sbout $28) was firat comeléered àbeyoste. iaitial seetvices previde sathanizeji 
raltiwetints, esggilr of comaumable farm Litt, the e.rict tdantrel ewer farming 
iqeétatiocte erf tle marketisg of coat crepe. Parm-eata  Corgetatioes are beité 
gitt obi the fPutitlomal mehagpuemei! will Pe reduced as settlers shew Des. 


seles capable of eewuning the tenpreailbilitiee ef matagpemetto (Figere 2.22.) 





LI 
LI 





" | an ta tim + plaine’ vegetation la Aricia 
herent. Trees apé bt kat are cleared kr dal l-dewey 
epceipeeii amb Dea lané leweied fear Irrigation. This breed 
expense of flat lané da fertile ani idee] fer irrigated 
trope. The lerese fat irrigation tantrel e tie Gett legen? 
piattation afe visibie behind a maalil pray e£ vetidisge 
(agger right). A plaid af (WE Ahn, fer itala 4.47 ogttien 
lé à resvontatié délisale fèt this eres. — LAIT 44d) 





43 | 
fottionnsts are justified L the Tantoilon Ledh Caltivetion Liter by 


te fgperüiutities (e elrengthen (he menaperant function abi jietroduie tapital 
epelpeent recaue cf larger sett of cultivation is the biwmtha. 

4,5. Beijen. Som Botte ma See Sptpene Nort fotos  (atasegrsyèsd) 
Ubyegesi, Tengerpite: MW Pjegtesbert, IM), a. 1. 


P 











Da temple 

The atire ates comelete of 12,0 Artisten ch the Anibare Plaines, Mi 
kilometers east sottheset of ABE. Diels, 730 metere shore età Lew! with a 
precipitation ef Griet tbe period Agril rett tat, 

home Afr. pecole karo satiiec in tbe mióéle ané lover east Valley te 
farms the lané; thece proupa agyeer tò here iret the respect of ether, mite 
treditienal, groupe of Afar. Thus, there ate streng enclelagical preerervs to 
bellie ou Liste Alar wie ape comfierd te the Anibare Plaine by antipathet te 
preples living em the weetern «kòt of the Aeadb River ané is the serrewnding 
highland douziry, The preblan of Imfucing them to saftle ané change thelr 
item of life aggeare leve 210 flowlt than ia the laper bett Valley (4.4. 
at the Tandiske Flattiaticma sits im the Domed] evert). 

Tee traditiémal life ef the Alar is tisé te cattle, Lie, sleep amd 
posts. Milk ie the dietary malnatuy ool they «eat very little mat. fettle- 
seti isrelives the Afar [t mary chanpes la werk ané foni bits, and in theirs 
seettiastion with animale 

Alart villages cometer gi groupe cf enal dome-shaped atorses burtiem 
VE à Pesh vèni pecliewter (enis, Tw howeow are oenttruii/ted ei lä, enally- 
Leta yet RAYI OK menen plant mats erected corer a ÍíÁrameee14 of stiths. Se osar 
‘etted altesgi hee beet mele té Change thie traditicmal stris vé village. 

iteditiomaliv, wiet ané cid] éews akser; ban Afè comctetend ajy wi th 
D moresemt cf etimale. That, if lé BIC esey te bitte Afar sem té voti 
ab Qe filelós. betilemwat setherities hire Anve-laboteure fran the wi Ten Éli 
hbighLatd prqwilatiloae, etinicaliy different free via Afar. Ki pilandet+ are 
OO tomaf Lo fleléd wert ané Geniaawtrate to the Alar settlers ene of tbe 
(jy1itoórts which afe metresary fèt pretuctive flajé week. 

ifar, zt Metal, Zeg alleglenre to [elt bit whe Dives is the city 
1 Liselta is the lower Aven Taller. Thos, thie mew wer af Life Óprvolewes 
thie partim st group zi settlers im conflicting leralties: between the ge 
oul [raBitional weye of ille ané between the éiscipiines cf gd fäer At L YON 


metto ent the avtbisity of their treditional eecial structure 


WË iept ané the Jar 

Ta (heme QIÍglballe wee places Do allecated 5.0 hectares te rä 
family, Wet SE was distorermé thet 2.5 bectates ef Land wee the marinus thet 
(Telly (isl matape. Te the (iret year M cgeretioam (1971-8). dé Mar 
fanilies settled an $7 hectares (HU battares of cotton ané 15 beetares of 
miize) es 1.047 tettates ef cM TOS. ané 6.21 uectares ef salse get fantiy, 
Cette pdawilias cat iatosw; malire jè green fat family (wheagiicn. The 
heme wee Designed te allecatle 2.5 betteres of cotten ané 0.5) hectares of 
nale [or sih [Lrf ly, bet mew it is jelierèf that the tettem alletetion la 


*Ri4bailvd, te ch bectares of groupbfnvis (vile repites less labor) my be 


e" bi 











latrobun te replece 0.29 bectates of osttra. 

ie the “iret pear of the scheme, FID hectares of Land were cleared ané 
prepered fèt imigation {rom the Avari Lire., cL the weet (land zi the plat- 
tation. Rewewsr, der to delay Lt eblalsing egelperet, only Vi bectores wore 
cultivated. la the (etemd eate, a new ZO Letters were cleared ané the 
i) hectares were Colliveted. The eettlemrnt anne comeleted of LI eoation 
fanililes, vach with 1.5 hectares (tetel: 147.5 boetiates); the lend balante 
(432.3 hectares) vas farmed Cirectiy by the ATA, There da mw sufficiet 
cleared lapé te ett oumedete Jé fantiité. Under the cTigisal plan of os 
gagn (on té etcemmedate Akt families, Tht hectares coeli Lew beet occupied, 
but on the cepability basis of 2.5 hectares per fantiy only 1752 ettares will 
be wewpled. Tee the presi, of long tere plans entèt te tert (he mwumet 
si fanilite settled i4 te Lerirpitale pate lané. Planning lè Akaf an the 
availability of funé6s fren the areal budget. 

is thie Zittig, tee possible fara ve geeizations tre cmeidered. The 
tired is the stteel cperating esyetiante ip the firet anf vec years, avi 
(ar bethi fa the operation of tie fare laterporeting 0.37 “atianes of prami- 
fete lete Ube sten. 
igs ané Cpl — — 

Thr (iret rett of igetatión palhet exqeriante op Vi bectares. The 
clearing of MG bettaree began «a Mey, DFi; a£ was itllowd by mberililt. 
leveling, relied preperation wi boréeriag far irrigation. 

Vellewisy seeded preperation, ce¢tem anf male vere planted fren late 
jagjtenhet 12 Late rtetar. la Letäegäe"t, Acala cotta 1317C was planted on 
+] bettares at a rete of 23.0 kilogram per bectere; ia Octeder, Atala 4,42 
was plasted ou L) "ctares at the seme imp Tale, ond 17) Site kegel er 
mire woe plated on 1} hectares at a rete of ID.) kilagtans gor katran. 
Three rates ote cemeiderebly tredered (a the tritt anneal Iutpet. 

weeditg ané thiaming fellavwi la Weeeset and Zigar, Te amily tool 
eagpleyed ja a omell aitàla LO pcpage W weis leie Da rowe of pong plete. 
iater-tew cultivation preceded ong with heal veniitè. 

irrigatiom wee carried out fear theese ou the 4) hectare plot ant five 
times ru tie Ai bettares Jaring the perio’ {rem early egteaker te rafly 
J&mus ry . 

imectici¢@as ac.ayimg toti plete iring Rreeszer ané Decesev. A tatal 
ef five atia] epteye cm the Ai hectares anl Ubree aegtèye ch the kò hactares 


wre appylie«. 
Three pitkispo Lë place, betwee the third ané fourth irtigatiems, 
beta the forth ond Fifth irrigation, amd a final picking ta Jamusty. 
The talenésa: Cletribetion ed these egrpyping epetetions fè sheen ia 
Table 11.75. 


| T1414 L | kit lA. 9 tee tanm 









irrigatien (4) 





TD "^ "150A AAAKE SUT LIT ULI CY Chit 


Cotten: Atala Ceit: Mass Inaire: White 
Cres KC ttl kevin 179 ` 









- | a aa eec v: ^. 

SR zent 
Precultivetion 5-19 kepest 15-25 eptember [15-25 teptonbe 
Piss-horéering | 15-15 August 1-15 October jie lS O¢tebed | 
Tiseticy A) Aug. ~ 2 Sept 10-22 iert 31-14 trer 

| ietet-fíw celtivet low 155 Septenher 

beeting LA, Ai September | TS Mew. - 1? Zwé lz Xeeesüet 
istet^fow coltivetion Ib- Yi fagtemsbe: | 

| Timitg | I jagtemhet 
Irrigation (1) DoD September | 1-12 Octeher | 

1-15 Roveskes iS Sereater 

badet-tew ositiratien — | 15-12 heremiet 

| irrigation (2) at Sept. - ¥ etd 7- T9 Aroershert 0-1) *eceeester | 


Iatèt=-sev ouitriratien L) Ié Decemóet 


ktrtigatièn (3) T) cet, = Ò Mwe. | 22 See. = 1 lan, 21-19 Reveaiker! 
| Lit 
ka te, - 19 Anel lI Jm., De 


A, 





Cleating epwretions were campleted at planned fat both aab. Ipe 
4339411492 Wt à laté start im the [itot rette revaitèé (2 only Vi Dect aren 
attsaliy betay piested Gerisg (iret etasta; ler clearing ant lané imelo- 
rent Léit rete maib Liter ga the firet X íactares Dow te bati [mijar iimis 
oul that area beleg more Dbegrlly wreded. Zwee iergert cust €ifferemces (1444 
cele ware only JÉ percent of 1997 conta) are ilivatrateé bo the dats sbowr la 
table 11... 

Serel Col) afè cretiesed ChaTpes berm by the pettiemaan kiser an 
à pee SES basis. Sepreciation la charged at peco per hectare under col- 
tivetion fèt the first twò years of eyerattien. 





Mem &tUbal valwe lé 118.52 bwi thie ja Mab sime £egreciatiom Le alee 
competed la tie Gereltpanat rete. Therefeter, IL vas rented te $14.00 wl 
is clase té the CoL wooed by ATA. Thie figere vès Comptes an am epal ip- 
stallaent basis by depteciating crewler tractore la five years, vieel trotters 
ewer ali pear, purge err (ive years, onl other cgilpmeent scent li 1/1 pran. 
The éevelaperet coole afe eswettined a1 Ó perceti per Stu evit IT pwan, thee 
chetgiog 112.9) pet saam ogeinet tbe old WOO hectares 7 hectares in (fret 
year) ané 19.97 per ommum agaizet the new FU) becteres. 


i-vi 


M NIAE Sp HIDA SUE Get, AIR 330 Lt 





| A. Catertgi,lar (>i 





C. Amettisation 
(a 0.04714) 


Claaz inq wej niy’ w pn" 
larel lig MA | 9.17 it | 9.27 
Camale AN H.I | tt) p.17 
REI HE? 
P. kisa i-tiaitéte 
baba ri lite "TE pue lo 
bave lity ). dè | 233 Pré 
Sitchisy ).24 i ).14 
ln we 
C. Lebet | pèt | mkt- | per 
DP LA LAE 
Sleatizg ané — | 
(sani bit : | 
stroct an C | SA  AZH | 5.41 
2. Total clesrisy | | | 
ceti pet ka. j i 
L. keed comet Et: | | l 
tiim | | 
FP. Tetai éerelep- i 
mati l per | 
bhettare | | 
c 
| 
1 





* Cast ti teslar garati 15.45, plese tout ad irgienent Degreclatim, 
$2.34. 


“Ceant od whee] trectee seperation, 12.92, silos otel of legissent Gitar: 
atime, Mä kè. 


“La tinatai om the basia that I coute were LI ojertiawt af IPOT conte. 


Dev 





la edtitita te rackizery and cleerizg tbe settlement eedi certain bailé- 
tra, reide ané local matsprewat perrannsi. Ai vrarisiim Ini evertani reste 
ate charged agsizet tbe settlement" isteme extrpt coets fat local manaprant, 
it lè (he Lifenllges lé orrir Utoe telo as neatiy as poeseibils vitbast penal- 
i*isg the eettleore [er heavy edatafetratire wetea fa the carly years of igara- 
ties. Llatinated aduinistrative everitads are unmarried fs Table 11.31. 


TAKE 11.)]) MISGLE ACAD SETTLES: ESTEATES CH COSTS pou LOCAL 
oe | 


Feel anf seil fer vehicles amd pewereters, 
repairs ané spares, trenegett Tree Adis 


Adada té Anibara | $14,154 

bei Lët, fittiags, preeratars, vehicles | Rn 

Twesfy nabijal an trikmitasl stai, 

labor spells tance 12.87 
Lisal $43, tikè 


The tivities M the settlement are roughly diribd aep clearing, gre 
parisg tbe lané, èni grewieg crepe ed ortten anf maine. The Cletribacion «d 
eperations ewer the calemder peat ie met [a Table 11.)2 waded ales inchvuées 
ralafell ané tesgetature deta. 
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STÄLL &at-Lar (Qeqelteeette fer fèe csittratiza of crepes are given fa 
sable 11.)). Tale ta psetessary information fèt pletaiag tie laber distri- 
bution regeitesttte fèt expanding the teti leteit bitem. 
ALA Al NICI SANE EE a Hitt 


| Operation hi Cite Malre l 





ptr bectere 





freie ert inj 

irrigation 

moa Clay 

Fe bani ag 

LII 

I ksrveetiag and *t»tecrti 
| Total 


Labort reqelremrnts afe sèt oat fa Table 11. fèt the titan types of 
farra: 2.417 bottasmi in 1947-0; 3.00 bertarm ta LM ant ).90 bottaren 
iscerpetetiag zk: hectares of prounAnsti. Froma tease data it ie clear that 
REGA lag abd harvest zerinde demand le Lien lejer dontribatiam fran the 
antiy. hvy meth with ever PS sav-lars menti 4 mitibus of three abit vori- 
itg mesbers (2 the fanily. Jince few fesilies lec iade eb many, a evibetant ta; 
exgilcrymert af dap-la)at la koemmatar ani deceret la weed. Tye recrgeaife- 
thea ge the ).90 hectare fares ta bn omoplate 2.9 lectatee ef grevnftute, 
koweret, results 12 4 eubeteaticl decrease in ider trou l reste tient for 
te manti vé bev mbes. 


Sat Liz. 


sry lader fe bired Doria pesi Leber vestim. The labetin ate higi- 
Lata perle whe atoualiy are mech mète Produttive than the settlers. Curtis 
weediag, paymett la male at the gale of kl. 14 per rey [agg trtaimately lin 
-w-ters long). Highlanders cat err i fi rows ett Afars mt ons row mer 
dey; Unus the rete of peywetst la about 11.00 pen Ley. Dering the pict 104 
Pese, wettare ate pété 1.02] per iilegres, ant werk at aa pretigo piching 
rate of 47 àg./£uy fet highlander, 


Liélér vé mets Crs 
a) Cotta 
Ia tbe settlement actèwate whew ia Table LI.)Y the recotónd yield ad ort- 
tes fot tbe 1147-8 season anmats te 10.2) Lin. abi is the esdisated ented 
lev the Ltr proren, the yield ie beret aa 1) the. Baelated te ka outa 
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té lale fer the ares fer Atala 1317C ané krale LAST, yield sé "8 e jwa, la 
4 teasmpabla asvunptisa fer tès parpose of estizetin future eperatisaa even 
with isesgetientel| settiei:. Cleealy managot private commercial formeto tan 
produce cret JO guiatale pat bectate unter etatjiar coalitie ir the tase 
twa, 

1) Maiste (cona) 

The et fa Table II.)) use a ylell estinate fee malme of ZA fa. 
Ordiasry gét pelifitatèf milne vas esxploeped Gutitg the [iret pear 446 aepetètiem 
ané uring the estané pear kritt Cota was green with an estimated piei ap 
preatitay JO q./ha. Agals thie seruegtion la well withia the poratbilitim 
Pagptèteé by latai trials ef 179 Waite Depolar — There ia sone evi- 
dente that pleide ad kò (./ha, mey De a possibility. if this te realised them 
welliclest malse Cas ba grows for family ceeds of 1.1) hectares (1,502 tile- 
Gage pet lanily). Crowisg maipe ou 2.92 baeutates will prazete a erp bes 
which cat be eské vr ea fer feed If a Leal cattio raletay enterprise onslé 


ke establishes. "Ë 
j) Creupdewte (po enete) 


A goel of 2.92 bectares of petten le tas morb for ome settler fanily ta 
kanile. Toss, there are plan few growing 2.25 becteres of cette, 3.3) tate 
Lafwa of milite se 1.1) bectares of grestònste, At apprayriste riet wimi M 
e 17 e, Tä. Cup te 7.5 q./ha. ban beet recorded for Ue Sire Deva variety). ^" 
ALE. 

kò aiieegt kòt ont sabe to ibLorportate Che Lagerteed Afar animal buahi- 
ty laté the satz;lement si. if the plati te dereio the range lant of the 
bijet Aligi Fiels recolivese esppèrt, if la belleweed that the revini of 
Liette greece (alfalfa) e be iatorpre atelt Late the eettlesent Crit pre 
gion te provide a eperce of go prality Mey fet plains cattle 


The saittlemeti ares is beloy expanded grefislly to actoumatate more 
Caaiilios. tierce rech farm lè the sant afre, a mine precio picture af toual 
protection la pesibla op the basis sé an crerege "arg. Total predertienm per 
face fer the Tiret and secemd m with a poresible change te lLocerperete 





Heite ia, Zeg, CAL,, p- 1). 
Hr, 4. de a). 


rere afe lama te rtan 11s a castile isytyvoenait chee m tit sf: 
jacent Alobegii Pilaimee te the catikeset sé BMaibara. 


ella erer, ty. Cf, p. DI). 


Ps? 





preutònete, la sat set la Table it. AN. Tie Let budget tousa Dia mati si: 
tlafet Ié ltet iini misè plaid, 12 4./14.; 44étla 31424 af Ze, Zë: Ga titi - 
Set yield LI e, ba, (teliet). Tee settler apts lè sewutté to be DOE bet- 
Lares, te accommodate 3)) fasilies. 


Irom the exgetionce of the 1947-0 crogglag Hoama amt the £ata already 
distwoet, tete of prnéeitim for the Vi te Atert wärt fell celtiverian Ca 
be deteraltel abi the conte twhpeted for Ub DM regen (37) Bectares of 
cette, AA, Zë: DO bectates ef maine, 295 G./ba.) The coloelations vre st 
wt tt Table D.. 

fèt te smi peat, Le puster of familles vès brum d tè e the pele 
alest of ILD, tha settlowwnt alleteaatse belag errglately takou at te rate 
44 Z.A bottates per Dasily, feeewer, sone families (67) were seteanted fer 
ès fell eottlers ané the balance (17)) tentative Laberiag fauilies tag pet 
feliy spptuvved an settlers. Dot Stuf shes that by fie enpé of 14-4) prat, 
the settlemeti scheme will meet the fell costo of abznizaietratien ant wages + 
visim emf palèt the Locs of the settled families fran SIN? te 1240 an m 
laqwatiwe te centiqownt setilanmt. 


The Biétie hmd Valley jattlese:i juam bemometftates Chet (zwa =erinmanné 
farms eettiers mar bo (rt rodocet gredeally to tie cComgiesities of meu I net 
&griceltural tecdmelogy of Large-ecale cotton prodotti. The scheme. etili 
fen ESfEioaities, es; tialiy la malatentema ef high caliber reaenspennst ta 
th relatively teelated ares, 

There afe several anjfer comeldéerations which faerit the ewotess of rit 
oettlonent. Firstly, the area te epereely pepalateé end, sport fran be leg 
s trelitiamal groing armi, It 1a ehhernleged it any wan Pere is the peni 
iem af Gieplectog lacal —atfrgen, fet these people ara tha omes Lett ew 
oereget te setila. fecemdiy, the Mii É LOU of the echoes jé the etile- 
sert H the meelis Alart jpowple te insere a miee &lbuntíüart farm of living da 
kt ares where tha wia] preseurwe are tendiag lac ressinghy to ugtess tree 
ditionally samelic peeglta. Thirdly, the tbem la based eruepmsically ow 
Cotte predettion is a telatively fertile sree of the country. There be prai 
laternsl Genant fer otata ia Itiiopis ^ Alitan, Dor Lè Dor Cetatue f rom 
ADEL Liebe, the marbetiag process Lët Lrëttt/igtiiimt ané dommaticatio prese 
icta 

Tet Arp Lope pj Cre acttlamtet as Sint |lorib'z «oth lait fron 
peat to peer rotier Chan eitengtiog to malttala à lang ranpe plos of enpani tan. 





A) i 
Ttilepia poid leteipp entkasiye fèt Leperte¢ totiom an follows: 14, 


12.427 &.; IA, 11.74) ui; ii, DLANE 
isgeriel Kāli Crermamt, Zlifzikorzt Atalnetts, "nu. p. 28). 
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jwewel))e* gien 6) SAJ — O*f$ ©} € (ei "T1 geti 91) posyez ssepe. 


‘eFebeae Fort yon. 
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C" de)ew (X "ertige Teese) rou Of¢ "807909 [eel leq oon 
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Urte, (erte lè mo #ltòsÈy pressure tè expand. Proulaity te Melia Seren Le: 
Kë, Station fa afrantapeonia, Tir Gouf poet Che seklltmaf ELEDE Là £ 
ptr;tC[ bmi Oba tation bos Gecelikits lo (Apu SUmDuE both wath mou Chiga Ent 
tht oplivan oullivilive pibtlitit Gët UC Coy (tm tiri Tir reitir: 
moni tie zi ompyiteet frai conj omite. 


fatihlauwe fal Misai Sheed theme, Linye 


ka Cotftanily edaiateotered by the Xexhatisatiso Leéiize of tha bell Cim- 
setvetion ané Planning Uait of te Compe Misistry ef Agticsiture, the Mesel 
aussi fibèmi is Cestert Carya 12 a pobi esssple of plaraisg mechariret agti- 
coltere in a pnevicwa.y enbrvelaged stem. Lire [te Läim ia i ti 
MAL, with the techaicaj abvice of Sowndlag, ot 140 seqtatiraticm epetiaitst, 
tas broeqt abost 1075 bec2ates wtf Coltivatios with a mittimus ignes tee 
te Wi rette ané ObTQési|fm melLisery. The eperetiem fa completely meri. 
arie’ from isitial cleatfisg anf rall-breallsg lé reeet, ant Sta f eraino 
all equipeei nb staff te produce wiest fèt tL. Masel lané ebria. Santaiisi 
cet recends are kepi ané Charges ate seeeceet painel dbe prose return. ke 
fat, rielòt bave bonn cotstané£ing (ronting fros 27 g/ha. té & qii.) om tite 
virgit lané were a fore of minimus tillape ie ewQiereb te bee) egereting teete 
law (mh fertilleers are weed), The prefit ed ralag te the Metel leni gems 
hes bonn very subetagilal. Tiere la rg tentern thet the Masal ja lé man 
ergett all Geture egetetions te ig aa prediteble ané Uhat De pee ramet will 
be déligateé lé Gétälrw thle wpe retion to the efvanteage vi the Merei. Tetere 
overtièsé conte are apt Lé de beaviag anf vill Lawe te ke charged slate orreri 
cherpes make inssfficlest alivwante fòt replètonmat of egaipwast of the conte 
of managerial ané Technical eselètané. 

Lò far metkisery etilisetion las beet geet, with aa evetape cultivated 
ètes cf atewnd 122 breetanm per tre¢ter. Predettivw beers prt trected 
everaged H percent etasaliy ef total miming tise, presibly with higher ef- 
tit lan y im the (fret (ët the réit poor, Comdizes are vend fèt zéirgnt amd 
it te nòt vntouata fer a ).)-meter machine te erer 1200 hectares 14 cor rä: 
sim. lue té differnmote in altitude (he rëm la steggeted, tius, planting 
ant harvesting Cates esteni Frer a coasliereble period. Mist id the weet labi 
is kou. en 1,000 ant 21,870 meters elevetion. At the tine of the Tran's visit, 
orè itiay vès noc ring Coepletion at 2,000 seters elevation, while ooil-gre- 
poretion for the ww plantizg wee wnterwey at lover ané Liphart elewet Lome. 
(Mipere 2.2) amd 2.24), 

Zysegi gg disèt flé oů ting esperimaate en Ma euxtares te datèeraite "gë: 
burtiob coete using four basic aschiere for soti preperetion: oly, $ Lires- 
te foer-tettoe diss ané solieri plow, on eighte te Lett itis] plow; ané 
a large, Cheap, wide, level-éisè plaw, The letter plow te av suet rise~eate 
Cinnt- fite mhs] with lé independently egtizg-iosief Clete. Altina relie 
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expenalye, it dues ab acella {cf ee fairly rewgh lané, ané with its Ligh 
CJ ity predates a very lèv cont ae end 

The Tertioe] seile ia Laet Alirita are highly (rieble with sif-iivitu 
cAatetteriotica, There lè danger la ererveciim the seli, ond entree pale 
veriti etoste with esteesive henii lag. 





Tigere 2.2) Jhe ri Weet Shows (teers); iert pi met 
dihs ore werd to pregere Ub lend fer pleeting whee! 
The eqeilgeent shawn (a this figere is is egeretiow at am 
elewetieon of LOGO meters ia February. The lané ban leie 
idle fèt severe! menthe Goring Mich time math velasteer 
grewib epqeers which Le Out eti loriot iring two diskite 
eqetetions. As the švom proqresées the harry dipio 
gredaa liy mre tè wert at higher elevetions wntil wuar 
bes beet pleated ever the etiire rotge ef altitube fran 
LR wg te "H metere. (AP, 117 









We kr Class 18 capedle ef korvestinty 
1200-1320 hectares of wheel sech pmennt. This large cope- 
city lé made peosible by whaot celtivetion being optvod 
ever è tonge el eltitudes fran 1600 te IO acters. Combine 
karveating vos (a eperetion simoltaterestir with the dining 
why is Figore 7.73. (AN-l6)) 


è-lli 





jettlemetté: Dilwa Ouitivatien Sef, Tantaais 


Da fee pbi tie lavi Tonma 


ëch cultivetion eqheses verte tetredeted (ote bubueslont Gurisyg 144-43. 
Tha prere lad tortel secet tè the Tictetia Feterstion ei Cedpetatire Üuloma 
LIV Terre anf Forli Majer tretters la the previo year. De of fect ire 
of these tte was te ves the DracltpTS etememically by amelpeestiog cot Cee 
ffalde isto 111.4 hectare bloche.”” 

1) De Ares 

Pfeaxumalamé comre bi OND egesre bhilometers eatetd4it] inland frem tie 
emitters ané esetbeasiaft shores of lake Tittetia, Tree Coufify lies at ant ai» 
titule af 1100 te Lip? matore ané Sa Gengriané ad a comidersile rariety of 
soila: lipat eanép te Arr Lagereeedle black cottem soile. The lasi la 
peetiy wëss ii it with tesia] grenite meterie. Tiere até sone 3.3 mile 
Liew cattle ané tines ailli viet Lt the stwa.”" 

I) Tere lock 

Tee 4eslabllajmeni of these metlegizsed fare bietie woe based om the asvumg- 
tiens of laber ecarcity fa the regim ané that eOfitiemel lant Can daily be 
twitivated with eveqmeica] seeietence. Cagitol is scarce anf it aggeated wë: 
4tóbnalral te swbetitete capital la the fers ad esp ida pore ted eel peat [er 
teasd ladet; rather cagitel eal’ pe eagleyed miy te wgglememi wralladie 
fanily labat Lt erder te «alui the celtiveted area. Ii wee alee seemed that 
lp Lé vajérviaich can de preriésé to Legge celtivation practices att fe: 
Beat rate the wee of fertiliners ( the Die’ ferme offer excellant stege fer 
éeeunatrations) by tie eateztalen service, kbl tiot acchpmejea of itale Con be 
effectively realité by farvsitg the lant la lètpe biais, Thies It was ef: 
pected te tecresse the stea that esth family celd Caltivete vithaut iaxrtesasite 
the laber regeireneats {rem the fanily. Ititwases fa desten ylelé£e were wti- 
cipated ( iroa arewnd 4.48 te 11.22 gfa.) dy the evpervised wee of fertilinenr, 
izeecticl Gra anf leggere codtem varieties. 


J) tage rvisien 

The orptadsatioa of the ecbeme wes entirely ia 24 bende of the extemelen 
stafi while the task of perecestam wee vbbittakas by the official political 
perty (AN), besti ptd nsftquate dtiil E ma potty [&f-$5 peteret] 
ef all caufam ae pg oe Dr comeing Liint CMplayof de Dat ROC most INA, 





H te C. £a Vilte ££ al., lLigutapntzs vac Agtaceltutel zrdi/emei 
ae Tel Ajeace, Vel. If, the Cut Statics (kaitimatè: The Aë Byè ins 
frees, 1.7), gp. SU. 

zt. Colliases, [Ontomizi ré Bloct Goltawelion Mimi — (aiseegraghed) 
(Cèirigete, Tansanis: Weeters legion bereit Costet, 1443), p. 1. 

Hoe Wilde, ap. CAL., p. 413. 


Set aas te. CALL, 9. 1-1. 
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accom a cnm dicam m ee 


daly out percent cj Che feted fonmeri an Sit avez mou Réíctfré.  Orpgamira- 
timal effect isvelred fa the selection of the Miri, asdèilizatiou of FIT € 
Licipatisy farmere ané the tiseiy Deployment of trattore vere ali fartans 
which Lggtzéet the euotessfsi Amaliya ad the géng E beli purchase qu 
Gere fact trattato ampunted ta JI) fa 679 ta IH. lF'eilowitg this 
enperienme of Crecter operetions until Int. Tantenjan cffíicial geile, rë- 
vetted te the entourapenani ef "eer mmltivetion ant peverument-cened trattese 
were beleg Hobi te private Commercial epetatèti. 

Tie echoes was Cif flowlt ergarisetionaliy amd a Cleappeliatmeat terini- 
tally. Tie ctete by Calliosin were based om 371-815 tracece ge tating ho fr» 


4? 
jar accus. 


fe tege saqpesta thal tiattate ÉLÉ mat mp this level of ape 
etat on, ” bet stabíaté Sepewelaticnm estimates were based an 1220 toetatitg- 
liere Jet soma. 

si Ebift to Coot Perec taye 

Tha dete af Apritsl font feet? do Pup PLE prt nod a riidt 
ftm “Low taal peri feig, ptriatztla with Low ribares, te hiph coat pte- 
Out Ze fu. "Are Land ds ja — This ferm rf chaye setossitates a sub 
lenia Datron La crap rielle. The gut Sp II aspect ad bier’ oal- 
1ivatioe gy nhebiy Sien ie ensbilite fanilisi té oultivate SAIT bert reg sé lané. 
tered, bette Dao neletale imperi abi meet tew level of tQetational Costs, 
cotton 114134 muet Letrweee Io betwee 9.26 and 11.94 qike, dejgewfltg am the 
amima pnd Deer ie Le arti sé Cottam "row. Cotten vleldse om i, hit 
bectares bt Che "enrrà “agit evesapeé aig 6.45 (Ia. compared with jiire- 
tim otete epilvelett te à pleld ad 4,77 ti. and cop WS hectares ta tie 
Whip ange keglim whe) oe &vetbprsb 2.9? Gin, Compared with caladwatten ctete 
eqaitalebi tu à pieli gf 2.44 Uie, t! Piece Qartticlyatisq latrare were gran 
Meet Cie Duom fran 1.061 geittala «fee DTegsiritg jerpentt om apy [nDspred 
Dié té, the recevery of a sabetential wmsutt of tie 4334444 i8 dewht fal. 


* 


e silbe, sy. CALL, p. LM LLL, 

} m 

3 Celiitass, [trema of Lich Cufani Archie. p- 6. 

ca wilée motes that fer the YO blaci darme selected ta IHAA totale 

iag 14.992 becteres (421,000 acres) iiy 3.5908 ka. (19,444. etree) were cleaned 
ené 3,23] ba. (7,90) stres) plante smouttitpg lé ab 27 5a. (47 acres) 
placet per “rather. Callivatio, fertilimir anl STEI LI Coats fa aiitra- 
ly Lie, Ze. cal., $- ayi, t. 11. 


dd ES A. Poples, Tha Cg facts cd Lich Mp refine Sekomi me (rii 


Mendutlion si Gide De ute Tagine (sumere rgAed) (Uhinigere, Tangevriksi 
"esters Regier haeeearch Crater, IPH), yo A. 


TEL ge Zika 
“su ville, ap. CUL, p. LIN. 
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cm Silée vuggesto that tine ant trial Can veronese many of thee problem 
Pei Dares 209 1e€008 hire boua aggravated by Yasty isgtovrisaiton, "He amitti 
mote ri enstiti palet obema kr Etik £ mtt zt kta tla oc Cu fee ta 
FtALÉACLA asi pwilt appatosis 

. a litt prefette ... . omeld well be meth sore affas- 

tive apé Certalsiy aset less costly i$ testisg f tin feel- 

bility ané eta'toejles of pew systema of ositivèatien. Le mwin 

pilet projects ft aight weil be adrisable te latredece a nus- 

bet òf variatia fa sggresch for the sale of arriving at ma 

that te iliely ta e moet ecemouir ané sgqealitg weber a give 

ot An Clrousetaptes,. li vosié tat kent tie premik, fès 

gtt ie, that gedet. zatisa lè the only posstyit poletia thet 

eei te be tested. Maey parts of bolunalané änt te ke 

sell peitot tp the vre di da-ifaet Laglecetíia wes wes et: 

talla little Srreiga atianga draia ant Zeen mèt pos £if1fi- 


celt mataperisl anf tecdaical pre Desa, anf which Deve tha 
tadiridesl Laun farmor a posé deal mote Dnbejrnóent Ne 


Mgssgrjotenees 

There Lt at lapotffaat place fer bet) aniaal-poewe rod ant mlite we red 
tehtala, ané the égiiman evletion can be gredeslly “agatosched mly tire 
bantarasSwe eppresimatiima ant eubetitititan of vèarimes [aitete at the mar 
ste". There ape Certale materal cauditiome ir the area which obriowsly rt: 
peat “mète (Cwerereble to sethetizsation That (it many parte of vesi Lebar ot 
Letea" tree cower fa the afes Le FRèfi pbi, slt Lent lè gg wry (ATUM, 
the #eyatèn of temenw Let ienitie, it sggeered Chat Thie (rt of fewelagqeedt 


preqres wee wetirely sggtegriete te the ares. 


care iteiots ps the Laj mte li qf Va as Fara 

The fellewiag example of a fautly farms illosttates the islet regeire- 
nents of the typical cregpieg patter, ed riet Coe rerkanitation of rte: 
IA pit operations com be apprepyrisateiy Lattetuted Ueto à kabté-faraisg eyi ton 
te facilitate a cregpiag patters ja which laber revi tenaitè ereed the svali- 
oie laut pierit Vy lie unesslaeted (mdly Tie cQgetationma fer à enali 
fantiy fanm qrowisq fool crops anf Cotten as tie only Cash Crop are rier It 


Table 11.17. 


eh (7 E >». ti. 
“tiid.. p. 412. 
ki, 
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1 ERT po AM. 
The #enstagle 18 based aa the Cate toentaltwé fa (er papete by riit: 


trema p, Mat Collivatkiin Ichimni, pp. 12) ant Fate Nanapontat Satory 
kr, J, pp- DW aad A4, 








M FSUDDOLLAXO (etek 21473102): KE WET mS AE CALINA | 


Miweel | 1 ot hatwet jF i 
ra lijateoud First Jecabé Chiré | urea, 
Í | | Crate 
Art. l ` Auge - | | L 
fe. Duly i | 
Ab. ni | Jet | l dog. ak, t. 
Ten. | |y | | 
LU f | [| 
Ta anl msie fant e | Eum Asa. -| ere | bat. het, fog. 
| Pw | Fe. | Aw | Mi | | 
| Camp ee Now. Te. “wa ! "Tu l 
fane. [ | | | 
| fenet Perard ' | | ' 
Ze, =) taa ab regelret | 
fab. | : 
| | | 
i | ) | 


Ze 2 Feb. | Mme | Delp 
Fed}. | Mar. Joly "Art, | Avg. Jely= Sept. 





tabla JE.) sete cut the labie regeitemrsto fort Chis typical cregpiag 
Peltera, bbeunRitg Le faniiy Lé tace the egsiraleit of threw libreri ané 
atin wrriieg Cove set at the manier of Core is the menti, ith thie ameti 
of lafet weet pot fom crepe there fe esfiicient faniiy lakòt penaltleg te cwl- 
tivete 1.7 Atten (ina 4) 4f cetim. Tale eres la br. ander "widget, 
the moutt af maniman laboret requiresents. Coeteaftat, bbeperte lakòt ie avait 
Wla te arpani the (Ash crop ensiy if sow. [rts of seeletewe fa vrailedle fan 
tit month qf maniman lijer Gent, wem Che comstrelat of Ietester lakòt re- 
Gel rent te is completely remered, ervetleble family laret fe thes euifficiont té 
celtivate an »biitinma] 1.07 hectares ad cotten (Lime #); ly labor reqgeire- 
sengt Lier bec Che cometraiat, 

A&eunitsg à yield of 11.32 gelatele per bectare 11,92 quiatala of adéitin- 
àl co¢tes is predeced which mest Lave à vàlu4 at least wauffirient te pay fer 
tte e6€i tious, onet of hired asètatanne, Tie Zanonaber Leber cometraiat iget- 
stes Geriog Die Celtivetion period uni, ie the bleh fare piere, emite 
poes get Laglesetia were mete aevaliablé ir Zeta thie cometraiad. 
` 4 fèr mc pan den 

The computations fa Table li.) Genonatrate that peseibilitw ef bined 
et4qite—febd Coltivatiea Gating December shifts (e ontettajat om the Kit 
of the fare. Siac cettes pictiag will zi be s«xchatied fot a lane lise ka 
tile elteation, the only preslble wey i5 iacresseiog De Cotten entè aby fer- 
ther ie te laptere the rete of kasé piiril. Pichiag the adéitianal cotter 
area lé at an eotisated Tate of 4.9 to 9.1 bg. per ëtt, fe feat, Uie 
bevel ef achievement la riit may be Legrreet fairly easily by preger piger- 
vision, thee fectiltetiog à greeter Locrbase to the anvè of ostian. The area 
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9? Cotten sn wt an the Lisi: (lise È af Table 11.10) fe that watch the faily 
Houle be ble Sè manage fa the bleck fann. 

ce n Oe) rien, a gier zi 1.4] beetanes cf cetten yar frilly vèt 
Firmei. 9d m à yield of 19.14 quistale picked as follows: (1) {iret pici- 
tog, YO portess of total crop 9 221.7 Ay. per man-lay; (1) second ané tire 
pichisqe, 2 peteums 67 total crep # 2). Ap. par mebebayr. Tit pitkin rate 
priáabiy lè mal-eptieletico, ané te altileve tt an the oettan black L ANN SOTE 
itete refetitg Cha ares ef cotton ob the family fam. Tate valé lanmé té a 
eaatitutiam of Alret engiae-peeered caltivetion av the black ner the hein- 
poe ot Celtivation om the fanily iste. With the relative mumia ef tané- 
aber aué the otarcity of capitel, sec) a sabetitution Le mat ecomemtcall, 
«efflthlett even Doo: the farmers qais citre Lelewre thee. le this Citt “with 
preeaet [acter-cest resationatize it fè «vet vortioil Le Piè ti totisyg cagital 
fet Laert, fi te osiy ecomemic te espe leseat labor with capital", Dä fetter: 
mète, If le isportaat ta mate than: 


Cate Sè mp Gan for the a tmafattion sd tractet fa afèm Hari 
ereplowing i» eeteblileled, those tan perfota the sans fwvitieon 
be LEPALE mre cheaply. le areae wiere ea+plavisy is tat et- 
tlbla*ed4, bawer, lié treater te mote verivi thas wm. Ic fe 
#hiitf te (falt a enstist tumsber of tracter driv” thee ory 5 
tie the baier of o pa-Dramé, Bet Gat the as-plow cope with five 
fowt ridgiag.*/ 


Tretter-talre Lerwice:; Ghata 


Hais gf the fervite 


The furitione of a tractar-Aire service closely patallel the Zetesi ët 
bead Cultivation echemee la that englas-porve nwi Coltivatiom 15 made wwal lable 
Le omels farmers by à quee meet -epatastei fett gg. Tae male ¢1f fe toutan 
Ale it the crqatitational framework of erpervielom ané seatemalom services bie 
"pg 134 Che Dimi & em. A tree toatter-ki re service offers (garetate 
ont egelpeemt to ali formare willing tè hire, with or withest sgervision af 
tha attaf — cQjuafatlama 

“seth iatl services are svallajbla te farsa rs tebe it Chana ubóef the 
Mechasisai(on ané Traeaport Vivieles ef the Wisiatry ef Aqricolture. Tate 
eetvsce wae Zeiitstitet [a Jis, DVA7 asd epaia ia Air, 1444 an thee it aw 
retea out of DP qaetiers ta Ù mgle. The wevallabilitp apé Charge for eben 
type ef service fe shews fa Table II. Ft. 

at Dortieun Chans, Larpeté fat the mecthatninat ion toriice were cr lowleted 


ot à total of 77,99] bectates of werk Cietribetod ana 15,3117 forme rs," 


— 


"Cailiasen, Black Oullinatine Sekomti, y. 3. 


Sir 
AA 
“ere was diatrituted prer the fellewiow egeretione: pieetag (071), ridge 


tag (FI), Merrewing (11), pleeting (21), comb Loe-harvestiaq (31), clearisg (42). 
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Thies tatptt creld ba entèwlaf If te parte ent feel wete svalladle to maim- 
tale trattore and mackirie close té theirt merima operetiog efitetaniy. 

TRAMA pit A pA ga prim ipelig sitt Peter Gepee- > kan ank eaten 
(Tegtelavias] fTeele;.-t*artawa EKT-4Q ba, ant TE-W ke, ipite 2.215 eni 1.14.) 
The Mecdi cetie- anf Zretrsteét Sirielon eie wp emali mèitienante ekòge la 
oh major tren Wi concentration. Lach (ietrict has 12 wheel] (rei: ^ from 
faechtobleeal'a ané berea Crewler tractets Íron Teposlavis,. Mary of the pre 
blæs [ace^ wy the "DA fa egzeretang the Drettst-bire at) mechioery-service fer 
Chatalet farmate bacs letoi emer aigue the @pelperet was Firat eogelret. The 
typte ef preblens emtate free the falleving: (1) mechizwe afe met the right 
type for trepical donfitiona; (7) service ané malotonante jarem] afè tè 
avallahle te aeletaio mathimon:t CO)» tracted egoeratese afe at ptegetir toalmet; 
[4) aggtralBately VOS trètters ere or the bade bet aw mers afe mèt is Pjer- 
atit Devlitian La wannen, (5) egere partes ané fuels are difficelt te cótala 
atd benis ete mèt avalle^le te mete local pur(Rhaaes Wiere Cet talo evpalies ans 
lou aliy taln ie. 

The 4daleb&blióit service meiss tre prelisiaary surrey te esatimat? the Genani 
far maihiseTy. The farmere pprecmalie Cetifait with the T"ueudartiratiow onl 
Trompet Divisio fèr Coatralt Plowit maf miit pey la sranie.  kasle charges 
are apptesimatels 215.00 for piovisy ani batreving/bectare (0112.20 fee plewiag 
talp), wale) aggert te be Lewafficlest te Geret Du conte od egeration. av 


«vat, KODETALE riit Leve net been made. Crevien cost che Careers sore 


ptt bet ané IFAnoprti Chafpes afre alee Migiar, 





A maier of peers, ebwtvaticas tan be Creep from Che operation of ti 
(\rectet-hire service ja Chans, Althesgh tiese are specifically related te 
tit Country Lier afe germane to the general sabhect of eperetiog trecter-tire 
ootrices ia ety country. 

1) Afataisetration 

fargs qestti¢ies of oaltivatien et clearing egsipsent were Gepeeted late 
heme eben after Iobsponboute. Prier te the Crug 2° (faf, om fekraary 24, 1914, 
the eperetioan of Chie equipeent was weiter the j"ariadiction of the Par ai 
Couperative Couniii febeepontily, Dhe pelipat anf Die egertetion Ai pp the 
terp ibility ef Che Sitt ef Agriculture. eer the direction of tia SC. 
it waa atffa&peb to eoerete the rësitsent La the field terowg* the Crop Pre- 
Zut (ten, Sirieieg anf te salttalt the eoelpertt tireat Che Met Keel jag fòm ant 
Tremegert Siwieiem. This diwibina £4 tespresebikétirs wes mot prastizeòle, 
boererer, anf tovèté tee exd of DE the responsibility fèt vwal trattans ant 
egticwlters) epelpeent vès given te the Crop Nebection Division ané reien 
Erectors became the pesganalbillts ef the *wotanizatiem pf Trauepett Divisi. 
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Figura * 


Figere 2.24 
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Trotter sre telerg 
“ery trecieee are to ba found tiraapteet the country te 


toe ef egare parts, service forilitias ant ail led 


whatiia tè retera thes te egticulteral eperat an. 
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Tractor ert Dpyjgyeet? Segut 
hee (rattote are perked io è (loli where thew ere 
resaltet elace delivery. ia mary Chpép, little te 


fegeired t6 pet Obie @egelpewnt fate working of der, 
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Piè, the €itettios ef tractet power fe 21112 eplit bèt acceréisg te type of 
egelpenat £p that loliridsal machines £5 mot fall té the responualbilitima of 
two #frisitms ri the mat, 

1) pereti) Dificioaty 

faformatioa from tbe mmaa? report od the Mecherisetiom ané Trenegert 
2ivialam (1 Alp 1M) - Jl Delpy LOO) s om evosersyim. (At That fime tis 
tertgeninition af tbe trectar-hin service was prbiitg.) Tit summary of 
[A itery apt Lagleseetts at eaii anttanitatian etii Vtëegf E Lata] iavattas 
ef 429 crawler tract) amd LID) wheel (rier, Of 031a tetal figere «ti 
¢crewlese (14) declared eteerricesdle) ané Ki wheel-tracters (13) becloret 
wteerwicssble) vere distributed tiroogbest the cowetry ia the veriasi senti 
Ligetion élatricts, With the rwergeniaetion of the traitor kite service 
tit fe fèt A bbw pirit of deteruiustion tr brisg this epsizaert bard Lote 
Série, ^t, Le A Da Du iii aiddi atil- thad bad ditin ionii 
Zant ^a DAE MOLD OnE ml mia nisin Dig bape colabte sé uto wee it 
Lë CALDSR wè pòsifansi. 

yi peritia] Costa 

tts dyetatitm of the pervide bere pon beewlly »ubeidired4. wal- 
fe tet speralions vete sulbaldirel wp tà ai prtorst, Chanpes fot citarim 
by Clevler trotter vera subeldined wp te $2 get wat of the estinatel cot.” 
Dëst e, ££ ci gäil fp deltwant Cha ettii vebiidy esosnatele vs Pist 
Cia famp ESÈ incetare ADLER me sadacdireface Combaias Di fae gentazizi 
coal oj Du LG, The ed|itetai cocto of tractet egeration fer the (rz 
*ire eerrice ate eben 12 Table 1.7. Seprectatian charges enpwetti te one 
(hind of total running Coote ia the Cabe of crewlare mbi almost 1] pe pint 
for wisal Cfetters. Tile cout sggeare overtage (Compared with the ether data. 
boereret, git deptaciation is besel o the Damet of trecter rumning kor, 
the oft of Gepretietian eel fe hie estimate eeggeetia very «efficiant tper 
1241142 whlch wee met the come. Plarttbarwcre, Gepred iat len ‘herpes become 
fertier qumfueed wine à Large twaker of trecters ere ETA wer tee 
Charges, anowatisy te JO breit of total costes im lute à eebetant ial no 
pettion fee travsportatien, Cettaisly, the Cost of mowing tractets Le high, 
vet it te prt,Meble Chet eupervienry end ohsitislTali oe CLad ges eatin tis 
bai, & iverni le [these cont lags. 

+) Panipat anf tagervielen 

"At A twademts Chel Dr Cuarto kite setvitt s) wall pret by 
ptópüubbbav. Lët vie were aniio to make wee of it, provided tat timely 
service could be matataloeé, Aggerentiy, the services offered vere Comore ical 
from (ve foreere” poled of view. Suds tdi ned wreicoes Mèt bt TAA RAIL, vui 





Tt Ta? les 111.15 ané 111.17, 





ef eget] tapertente lè ot etcwrete eoGPWEt ef the eperationsl costa with e- 
tailed Coetiogs ant clore tape rrieery, maniprmemt beth at Che eünitietrativs 


saa, AbEL lé the [lel 4. 


Trectot-hire forrige 3igeria 


T-b"eepumeeri detri ge 
da vetage of LEZ wieel-trectere Lave bann lao èt tad muille fran 194] 
te DW revattiay la a total 1274 tractat utita. lt ja estimated that there 


* a 


bre apt 1,200 wieeled tractéss ja wee la Bigeria (22°) fa the west, MÉ ta 
the parii, emt DUO fa the s240). Galy about $00, bower, ore weed [A ear! 
tultere. Ispottatit adjecta ud tracter-Aire service la ata Ligeria àajgeat 
te be at fellows: 

i. Spent for trotter services io sepeunal at fé limited te v9 al 
pregaratisao for a emell ranpe of crega, tiled late Da Zo Mal: iina Ini. L 
e, The a eetaga out pet pet Stir Dembel ta je lav ta of age ret tay 
UITIAX qa crteefal SA (hätten b, $1. bing, of Li istitt Depreciation, fa- 
Conbal "24 charges by Li. Zäit The Trectem-hiee it "ust mat the direct 
pirat ing-toeta. 

). Ter pmartally afe well-saetiefied with wert Gate feapite diffi- 
mifty it ahtafalag timiy service 

^ Tere are lizitèl s9gettutities far the Tratitosq-Si1ta Uaita bt. ba 
rety aretel, tractet are vwiihein te ttr iN ta sigmifirastis te t 


(tates agricultural Leveligeent 


>. The methatigatioem af ice PteO.ti4n Bae tecelved geit, atteatiow Ke, 
Cap of the vansé for eariy pleatiag., the 210 fdaclty of bead coltivati ik, the 
sët Of traditional hend tualiivetian, tha posaelbilitw of te rigs per weer 
ALU repelret Cies ly egvraetiens, anf the his Picit of A Pte, Cres 

` Pes DURE Gat Lët até ept lee ate prime uiers of wisel Lrattetia 
Feit etiautter pre résral difficulties ir anber. At avi paying fèt epè tes an 
Cepouetilr, Baby vafiiktyé are iori of perta, Tv: IFTbllaT drefatlièan ef male» 
thee afe sfeere OO Desa, The aitwative ie aggravated bs asxolereted wear 
Due 14 Ltesgperiestcoetd rivers anf tree (ged t 1 annus 

} The oust síttessful Tractae-hire Salts egetète Lë zent tered 
Afwàb well pelted te muti ped 'arnitg ‘© Chase resa, the falriy 114^ t1 


spille are esey to Ste, Dé gfitillipal agrtitultafal agperations afe GL ll age 
ond Cultivetion sé amies] crepe, the ponolation deteity» te fairly so (kout 
9^ people per oguare ifiamatét), there ie a ralasivets &Ótpeate saggiy of 
rakle Sant avé the mitimos field alee is about 1.1 Mottares 

t. De evecege fare utir motharticaj ositivation fè 4 kattonei "TL 
L © 
* 


tivation gftàcttites sé the farm cat be pumai sa Teilen jament of 


Ő 


"pe fettwal fafermation fae this section Le dreva aafals fraa Purvis, 
ty. cal. 


LR 








the flarmere have only om fialé coltivated, ap te four pleces of lant are etid 
by bree latr»ers, fares were an everege of 20 to Th kiloseters fran the Tractet= 
hire Dede ané sheet 10 kilovèetere [ree the Dea rat DORÉ, met farmer crew elp- 
klé (kèla] (féyé, [lé jdigag tiles Of Tarsaté 44001214. Cif lenwat <tege lel nali, 
44 perorin; tobacco, lé titten: rice, 1) percent; asé tonté, ) percent. 

Y. Farmsaete Selleved that t(retters Lac resent Lotame, based oh! larger 
yields (347 more op ali crepe), Lm weini Gg output exteetiag the latreces 
in Cpets (costa ammat to 122.8 per jactare), tie plewting eb britla- 
otk wet alisviateé ané lakot weet sore ef firiewtiy. 


The folling, prisis serve te inÉfcate tie gredess hiit is esgikasis 
bway iron povernetieowtre£ (ractèt enterpris.”: 20 priret Gentasitini enter- 
ji im. 

1. Tie WA. Gugiteetring Division, hae prepesed nat the porrerament eli 
seervicbb)le 'rarioTé te istarrataé lorsetao ané allow tiwa five yeats to per. 
This voulé heip them begia imfeyomient farniag, ard allow the "DA to vithirsv 
{ree em wetgeeditabie trarter-Lire Jwatansse. 

i. fa lfid, the "A pave a three-pwer loon ou eis trastèts to private 
farmers. Twy alee reteirol a plow, à disi-katroew, a trailer and were jer- 
mitted te orree edker topli fren te trettet-hire eerwice. Lent wat met A 
prois. Only ope gét hee £aefanltef; t4 tiere are CoóoTTetily reperiag the 
iow and welog the trecters. 

J. The MOA Le charging SE). Gin, fèt piwi Alle private cemtracters 
are Chèrging J12.40/he. fòt the cone wori. 

+. — T4 Cement for servites 4eÓ XxÜeeha the Cagpetity ef Ge lrectot-higa 
rite éd the prrernmant viich miy egerate at Sheet XD boure ger pear. Tie 
preernmetti hee gopé merharics kèt ijale parte ore baré to qalm. 

A, Three private egereters ere sòtalning siamet (OD At pet pear of 
COubtom- ph with Mf 163 and 2U 352. (Charges ranpe frem Li. Pë, for ridgiag 
hone ope 155.40/1a. fèt plowikg lavé meet the river bottom, Pwr large pri- 
wate fores ère reieing aplend-tice om 1.0090 Jertataes ant Otten w 2,400 kant» 


totes. Meit average wee 18 1,0 (rector bowers / peer, 
“rkc tad-Aiire ferwicte:  Gania 


is LY te Can ian povèramaenti aestabilistaé te Tracter Plowing tetwee fèt 
(srme anf fèt the Tiret three peare pertoreet tle service free at à pape 
welerising Graamatratisa. Otter fèt plowiag ott Cleadiag Lët were mete cm a 
Meter beste, anf the anguet of the evielér anvualiy Gecreseed {rem LE IA he. 
im 1^7 to AE. AT, ta I$". The present plan ta to eliminate Ube eviitéy 
within a few rein, 

Siete IMD tbe Trected Plowing Liege hee boom restricted te plovine 
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siluvisal soile fer rive pre@uction, bens tie poverneezi peliry Lee dont ant 
toetinuns te ke self eoificiemcy of formere ia rite probuctiam. Nerthersere, 
Ubest alluvial soile are plowed whew 4ry, fer timely beding of rice after the 
oot of the falas. ag dry, the sila, belt reeriy tiry lta abi very 
fire, comet a plowed ceret by trecter. 

kite predettion hee iocrestné from $77 setrit tous Gannalled) la 19441 co 
+ O62 metric tous in 19457. Ia the sème reg, Che eres ef allevisi seile 
ploeet stb Closed for rice by the Trecter Plewiag Lobeme rose free 258 te 
e wll? hat tot eo . 

Officiales ef the gevernseat comtemé thet if the Tracter Mowing Liege 
were greetiy eatemòst om plant soils, larpe-etale lané clearing ant vav 
Uinomes Ul lliape vnslé becrtes widely practioeé, ant th rewulte wowll leat te 
Mdelatetet ent) ergi, bLaróerttg of latetile, anf creation of a “Guat bowl”. 

Tie Traite Plowing Lige Lët itè bosòpuatters ja Lëtz, hò àiloeetere 
wp river (rom Ratuypet is the comter ef the tin rlie-preductng sree of 
aia. tare, tbe &41l1a afè meet evitable for vetiabé rice because Chey an 
Sese affecta by sali frim De wean Lier, Der cid, and, alter finit, 
become Cry Quichly engi fet tracted plowing. 

brilla weed foe wetland rite geeiertion ere the red Clav allewius ané the 
iech clay alivrivm along the Geetie Liver, beth poil mese are floobet bur 144 
the fèlay (esum fran Jute te Ortade t, cof Gannat ke plod util try. 

here, led ry Ulery betes ser haré anf tan be plasei only with a 
tractet, reit fet rice te cortied get meetiy A ring March, April, ané 
May.) Fon Got täteg ond Lò Dpotawnape acl, aeffizsionsy da woe ganbuttime, 
faq Teetlot Pewsey Sobome offen setviozs Le fermen Dco ou uetlend fuck 
vila." 

Lice givuwisg asmyg (e Mesliow (the prominet eth, gran Lt Comdial 
hat been seelgnel traditionally to esee. latreseing Tice stese, Lët given 
“eile vant eee vèti, more Lt &bíé (befèafète, greater Lufagan (uva. 

At present Dare ase 79 eperabile tractete weed fèt plowing rice soile te 
the rector Flowing Leg - The verichep ané repatr facilitiase cas teg eg Ai 
rette, Desa fèt treated plovisg for rice far emess the setvicw ewal }- 
sia. 

Tie eres of rice soilo plowed la II by Da Tracter Floweijag [le was 
àjpréaisalaly 1,000 letteres anf tie cexlusl Larpet ares la 4,000 bertanrs. 
Tè Sieg thie poul, abéitlonal piygort te tit Lige [6 recomended! 





] 

l YOn ef tit upland esvilé weed for field creo predection ade lome abi 
ont losst., Nappy of these solle are praeubé-vèatat iaterites, anf the prr- 
ermat af Lamhbia le ebtèerajlsg the wet of pera èo the primery soti ad 
powet. 


Ze) 
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l. loetéltg tesfis tè transpott the trecters ant plove almay the Candis 
River. The crafte alèt Cat sefre at a mani ol cheep, Cnpvenieri transport- 
ation fèt Cletribetiog dent, fertilisers, ané iaerctitiéns ané fer the marist- 
tag èf rite, greuvénste, até (teatry proebucte. 

i. "bile wrfhbehage ct esee of the lasting Craft te Sacilitate almir 
telre. 

Tha ares pizwoet ant liskal, the reift per tattare, ané the estitated 
total production af rice (uttulies) rows - Ue sree të plowed ané finded, 
fet the years 1942 to IPIT ané the Lehm joist (patat of to oubitéy) fee 
the service are Hime in Table 11.45. 


TAMI 11.4.5 CAA: A MOT? AND DINOD, EIST AND EPTI=ATIS MeRGKTI ce 
AE TRACT OM MOWINS POU, (bti-irai 






WË lie ant | Total bubaléy ptr hectare |o datimnated 
d ; setae fee Viewing anf Disèitty | Fr ëtt t iew | 
| | (Tailed Fay | 
| l | Mice) — ! 
e n e — — — — — — — — — a 
i | leres I cellars metric tema | 
BUS L nm ke. | sn | 
| p») | 3% 11. yo 1133 i 
iv | TE BI 179 i 
| ie | 12H | 14 2 
| LWA | M | 25 2411 ! 
| pee son 4 ui? | 
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: ity, the Charge Lt the farmers fat pliwitg ant disiing rice Lead 


2 1 
1J per bestere, bet a charge od 122. l9 per hectare eon cmalbered. 


1 
want Sid. 

Aasiatat. 4 Das leet Deporatet te meis a tell ant laé-u4 werwry tè de 
trénite pote afest of (ullable pils fer tite ant the faasibility sd esse 
bhl fled contre] ia Cissa stees. 

Ales, at ispèttant palacipie tas bees reocnprinsé is reatrictiag te 0.2 
144144204 the Amputt of virgis lani hir a forser com dier fèt ositivat ten. 
Tha larmer lé estrerageé te farm kis trecitional eres ia adéitita te the vir- 
&it otes, Alter à lew yote of wutceveful performace, the allows ates of 
twe tiie Lët, vill be latreseed te O.P hectares. Thus, mricejltera] Set teers 
lé went Dé Legere the predurtivity of the lam slrenty fa wee oe well te ege 
picit the high fertility ef wirgts TURE 





— od Conbis, Peper Ad/aoih.1/0. 22 Jwa, 196); 


D nnper Tepeets Uceloed Tieci PFlnaphasg (tegatt by the Zayertaumt 
of Agtiosi ture abi Xaturtal Resnentes vi Combis, voniateéd), >. 19. 
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Abvanteó propeyeeat fèt tracted plovizy fs aw fadiosatble rele, det meee, 
“sleet everpem Gottra:te debte fa the seek Leericete potters te the wtenet 
Tè 
of kis cre€itebility.” 


sTector-hire Serwice: Leet Africa 

7$ 
lanpe. 

Trattot Cratratt fervice Goring 1067/44 egerateé $2 iritare for an prese 
ope of 1,920 hawre/trcttee. The ageretion ané Dejreclatló cont vas 3.14, 
out the Caomirect-earvice charged $3.40, compared te 17.00 charped by most 
private Ccamtrectas. 

Cun of a total of $5,900 touni tetetési sa the (tectet bmp tere, Mi, CC 
were pradertive, IatiolCity trasepertiag fwal ané "219211449, mitg at everali 
sverige of 77 percent protactive tise, Geepite m eretege of Ka te MO kil 


Balere pet Treiler anmealle ritéit an the rind travelling between taka, 





Cogtioelons fostii op the werioes Last Africas rector Kite Services 


thet were made by Uis ue") aytar te here peteral sgglicability ri tant 
Lovatetíal Africa: 

A. The foot per bout ef tratter ogetatisun varias itwepfseely with tim 
TO f "2 tours pet peer òf tractem wee. Conte are udetemtiollys lower ete 
teletivaly simple celtirations ane carried met on Large ttette. 

e, “wthendsetiecn je gsfualle #: compete’ by legrewed freit pt ect lows 
hic léki te Dbcpeabea Lt prnévition alUbmei Cate m trap vielde undir seek 
hired ceastivetian are vtifeliajle. 

) The tfetepeqt of Lit treater ant ípgulpeebi anpwite Lè met ane tiré 
Ii the tegal ruming boute, fa beth the prrermmental unt tie Prlvste sette. 
"ure ietewailve tracted ve would elg to relate this lave of tise. 

+. The total comet of treiter egeretions fa Last Africa Pat pes Trem ant 
12.19 te 14.92 pet tout, Off todanmm veri ooslé Gana LOI ly rebote thie figure. 

b. Ta telal coed pet hasr ef preeraneant trastat rgetatioma sggeare ta 
rut e te 100 percest bipher thes that of privately egartated trattors. This 
Ctifereme reflects a peneraliy Kier rete of otilisetion ja tle private 
ter ané, partitulatis, mati loner overia,.aé espana. 

b. Coverumeatd tractor peels herve hal te be Maily sahaikiped, often kw 
more LAA $2 percest. it seems questionable vetier the iatreases La et pet 
fereltiog fren sethesisetion waslé geet the fell coste ef the service. 





7 
lbid.. P. ai. 
Ben. fin lay, Perbenail Communicetion, vier, Did, 


dag Peay laaa! beta foc hecegetrettion aul Dewelageesi, Permanent Flasicn 
la Lastera Africa, Maia fant ` Seohteitelioe ia [gat A tazen Cnwatrits, pp. 3-4 
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Ln — ib. ki LI 


l. Tiere io Gettitaisg pressere fron politically potent, aenali-ocaje 
fereers fat (ub poole tò bo estabilisioé et expected. Jarsare with small tebi- 
tinge howe Et osity ie staltiog the benefits of mechacigatiom bwe ere 
wereld ee to be Gita lOsttabié siwe fét occlotiag Oe aide ef stali- end 
onéive-tcale privete comtractiag covretions te previde than pervicas. 

Ù. Sere complete ané reliabie infereetion op sechenizetiam ta oceseary 
té prewide a firm beste fèt gablic palliv- 

1, — Covetumedià hiig te rrikasize agriceltere ebesié Ge thie tireup 
nali- bL oetium-sined private owira tore. 

ss, teem Lt casos of larpeeacale (rg predfettion schemes Gate iésraticor 
gif le given te the afvisebility ef enpagitg private tentractors te gg ls 
the fregqelred meiit pad services. 

di. ZE soy ate C(putirr the prere Säit entasrege the wes of an 
mete thas tires males of mela sé tretters, distribated Chrovgt an sggtepri- 
ste tatei of dealaepetiige apé epere parts njeti. 

$1. Ceretnmaentts atanlé estabitet training ponpram [p comer tritt 
Criviay, fad t/S/ ALÉ ePGzijmayi malii4e ati, Des [iba 4 Benapranti anf brclqpuit- 
Lng, &hí bekt.ritg. 

2). Car egtimor-al ped wUweleg trecters Hield be ebtasrapof throws 
€t e£; pregrese (4 .. Titis [Dt De fata of 49/40 1.43.3.]. 

Three Co ie Änplmgt resikwé Lt ol WD fran the ergerje of the retter 
kité price it Cpbbta alas tere peteral vyj'!* Satire 


i. It de tree that eret fèt the tem ter kite worrie the 
meals citila] troubles were setiasicdal ané tèéstafcal vot Lt the 
long view mecChatilbatiot les a ATIBIMIC khí elamnin [it exper Leet 
vef ff f8 about Cheer [terte Chet data le [jag] wot critically 
iit aml It fe 21122 salt latàlt. 


2. Tee hundred peunés of cottage [wield get acre) cannnt be 
L ERE dad. 


1. mitt wee tawar a end la (seit 2 


Large-scale Istartprians:i Zepbëkt Fiaitatioms, Miina 


Tie firal ares of palwete commercial onterjris selected fas stubs te 
the Tenisie Pieetetions Mare Cosgaar (ekate capital ef 12,477, 000) entèn ta 
à Zi mearan between ajgenitiés of the iagerisl (Itzig Lree trei. 
lItioy ia Mare ktitrër anf Fitcte i) Cotta end Compars (fihisyia) Limited. 
De total amuni lovosted, intludimg Liag- (erg La, io amt $5,049, Gin, 
Tees plastatieots ere leqetet ia the Dandti Dert aho: LR Ailtpgeiere 
mertheast ef AOU SA ibebe fa the lower bett Talley. The eperetion is being 
apatni gteboally tè the fell lané caomtesetow of 19,0000 hectares. 

Tha lané contessian [à being Lët wt by the Clee plentetions: Jute, 





"m 
Z.A. An, Cot.) Serene pa Wochoe cel Oliot ie Upandi (Cangala: 
Mesatere Caiversity College, Tacsity of Apriouitere, Zéi, ga. & and 8, 


DAT 





Sit bart and Legghias; tm mbéitiam, tie reu letate ot Lett ta tatapi li 
the Counguary, ané seeletamce ti (iret to gg how sall cttam growers Li miray 
ER owlgrowers scene whlch, D$ the Deas? Mabie (698 KÈ NO TÉ spor raieatels 
32,002 Gittin of fer Get Gan fa KI Le ta tè SOD ouittalé predated an ki NS 
baetlafwa of the Der o malt plaaialigma ‘ite ond Dit beiari 

Operation began ta DEI viii a pilet im. fa the IPI) season 12120 
hectares were planted at Dulbte. Taw Dit kehari plavtatiot woe entabilisviaé ta 
the EPIL/S pesem. 
Da Penis 

Letal Dahabitasfs ore Aire. Deir mote of sivieg fa eletlar te the 
Hung ad the silile wesi fetilannat, ` ower. Da "ett epcration 14 nou 
Concerses egyeciflitally with settlemweit. The err force comelete asisiy ef 
ocal highland pregle, many from ai? farming fuailles. These m ané woman 
one eCOUIS mai to faraing ant Gan Ba leseht elt on fare Loree with An? 


tarmei om the jlattletiowa. font Aix alee veri m tte settianmant, 


äm Fishes ties 


Cottam lè the only Last crop poobtuced, anf ie peclaut peers Arala 11] 


hee heem greet beth at Rita cod 241 katati, the twe prinsipal plant ot Lome 
fran whlch the bali of preQertion la italt. Lagghla farm sa konn uisti 
peta rasiy fèt s predertion., The Ef &Dral Antere lam ci tie ites ander cwl- 
Tivetiaw, the plalé eatiaetes, ané the 134a; velte sé tha prrüsti eet inet ot 
es Che Desis sé M percent list ead 42 Jatir pret are akten fa Zeie 11.41. 

The oospetatiems ta Table 11.41 are based m the ttal Gnamnistit prices 
fat Za. ant estimated Prices for the previews years, here ta a reaty 
boeeatit Genanvi fat cotton iat; all cette sed, «1431 fer resimting, ie 
#apertad. la IVAAST a small puentity Ai SERE ws ctt ané, Vothese of ita 
high Qualitv, was able ta mone a higher price om the werlé tim fa the 
foeoeticq market. The isglltaiicoms of Civereifvieg espòtte are of vital is 
pertonte té tha DA LopLa eco. 
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Cems Liara le ianilalols la emglevet dbgeequeed dae atiran! TISIDiTER. 
Tale 11.42 shows the anvil (Air ané ti égyt ésisata (istributióow of 
eat eaglereent based at the IHY enswan. 


SAS Ii 4? TK PFl4x7a2:0043 QITA EP LAT AND PIiSIH TIG 
SÉ LANK CÉIicetD? (0 $1900 MZF? 
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et i-itates the pritt ai wirt the oper et len Let tta ford eowretion 
times sheet lo Gere. 





Eege M 


jo bs EET T4. 1 


Tw ei: jTít 219^] direct Cont items re metimatasé ia Table 11.4). 


1) Treter "iret ua] Los 

Tot bread fon ie tartar ipit le booed om the ositiration field 
taptcitoan n CurTesntliy vert fe annpetite bobpeta. 

a) Sry Labat 

pee are the sine lasqéeat Cat (tea: the anpii tube wi this dit shows 
baw Jerre 15 the Cosh flow fran the Gaamany flate the latal etenn, ia bti- 
sim tè fleet erter there ate aneqher BOO wert ewQlopeg by the gluter); 
ate thet P petite of the year with a wape MIL of kout $14,792, ant a pet» 
weed taet'irital staff of ever MP, 

Ji Vater 

irrigation le essential fer a. Com tial crop elace the mubi] raise 
fall averages only 100 alllifewtere. bejlere the pleetectene were started. à 
sappe part ef tt see ett ÜÓlobbet eb pear Gerimg the titre ef the Ketti 
seer. A oyetes of Leveec kas beet Petit to omrol até make effettics ese of 
thie flobftitsg Le irrigate A. Retctares of (atia bv ctevity fran the bigs 
ig -etterte, Le biitin, WU kriet are Ate Tale Leve?) avi are pump- 
ingigeteé. (figure 2.27? 

irrigation te weesliy practioné (een Chews viti an ctasismal fifth vien 
Sitt, — D ieyt of fime fer each irrigation (free 15-19 Gaye) reachere 
è peat iae of a; (mi, om Lit firet ond fourth tier, anf cb Che. m ti ex 
“hi ané third 

+) Pest Central 

Tiselisess cf agplicetion lé esseetial in the &pyyllcation of ineettici fee, 
“ete latiede thw (ite fat Vititg afresaitt, The fitat gf Sr te foe Janin 
«ilte fiy, wim 2071 ert Alor la T téit egtay fé foe the Americas tall- 
wire, vis Mell Visirin. 

335 fané 

Tied in hes een entablisiwé at XD bg. DA. efter triele with Pi ant 
e? bg. Sha, 

4) Fertilisert 


ki the fetere, lottilitsar vill te aptililed te ant ws ‘ewig sigma of vvirient 
Gepletion. Tie beblpeted cute adum fa Table ILU) com be iatergteted enki, as 
tà prasible eltustion for the prezant parieti. Dy Comparing dete ta Tables 
11.41 with IL GD, ft fo Artis a a Pretimaté of gress eperct ing 
roe’ t fee rev cotta at ihn mert, ke kobeutt kat Let Han ad Str ce; rt af 
ote, VELI Are iert. o bufgete Sait bh Che ome pteseted dese are deel grat 
corely to lilutirate a prreible geretiog situation, anf bear Litt le re let lommhap 
té final preftre after ali lipiti to tie shaerebrlórts ken oun mai. 


HIN 





TAM If. 4) TESA PLATT OT Loe CITISATID COSTS Poo mani two 
Or TO MOCION MOCTEGN, 1944/9 tte 








YO tractoeto © 1009 Murs = M G ane © LI. né 


a Koel 47.97) 

b. Repairs, eti. »*.111 

— omes das IW 

È Dwegteciation i2 M 

T. Total fame Lu coats hä ree 

LA enim Zili rt, din 
d D 4 w 


Gatimate ef total wage Hill 
8. Seepage wage BE. aa poe lan 
Vtthing a rette si 5 ceva per ec 
Fed. = Cet. # 112.991. per sent? 145, 49) 
b. Pichin eee event. pe wage fèt bb ig 
wë GAMM. Sav, - jan. EIRLLIN 





a n a 4 
Jet menti sat. 1) mat H: 


) uni 30 kw. # 14.409 WEN 


Cost ei imenrticlbes, byygiltation ané afvizisteratim PIR Sy 
(is, SA. E per application iatlulitg ai" yptaring crete) 


JD tg. fhe. © 14,05 pet quístal Raa 


"= a 


2 «quistals/^a,. # 112.073 am 1400 Yn." 


otal 
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LI 
Siight «rro Deg tè Curt Debosy OCorvrrs Lon 


 tatinat ed Valet treadumwem of wage Yi! 


l. Timtisg bo celtivotigg (47.244 a.) yi our 
1. lertgatiag ($1. 3116.) Ea 
L Poing ($33. 44/21.) ia: ri” 
i Bagging TRU ee.) ti ty” 


5. bie -- being wages fer clearing, Zeite 
repeirigg on! eiere) limitu wiri 
lik tA4 
fetal »A.15 


‘Fertiliser ealy agpplie4 te aedium grewth sell - IN Sa. estimated. 
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Fira) 1.1? car i | 
Gettam Ai em Mte Fleet et Lew. 
Chia atea of the Lower Avast Talley le part of the Sanaii! 
Tewett about MAD bilemeters merthesst vé Lille Mads. 

Matant flobtitp hee qreated a very fertile eed] stich, with 
carefully comatreilo’g irrigation, tow grieve earellest puil- 
sty cotton. The cree fé €iwided tate 252 bectare lads 

ty oia tno. The block ou the right, èt present stabel, wae 
oe fo tQ original afon fe «Afich ridge ané ferre irri- 
ation Les beet practice’. Fleet treigetion te m^ eejlerel 
ain mere ecomeeical OL vater and, ia the meat fatere, this 
utubed£ Tiet will be releweled ané bríeaq^t bari late ase. 

AR kriit: yield ef ILD tg. fae. wee realired ia the 17/0 
wernt ant "ts ag. foe. lè anticijateé for 19 


Stub parmi f 

Catler plottatiane fi eet fënnt DTvb.e* à Gomjlea opiten af man- 
bpemett. Anti aBaislatratlon ané menapemeeti suet be Letematee ant «efficient 
te world large looses. Tonto Flaatations Zeie tri tagabilities ef im 
Lama joe abt efficient sutegement la lerleied anf Ditherte barnes vant, 
ir Pase kay com! fbergie eapewdltotes es absizietratioa ant ether final teete. 
he ottengt lè Bale te cower ali the ispeta atè the organization, bat it oda 
iatembetd te Gomonatrète the malt itgute tate? the prtebDuartios function wad the 


ontimic paai ficat imo ef esgemnditers os ¢lrect cos las. 


kiternativwe creys 


For te purposes of liveriifitation salse ané safflower have bata Cu: 
(raté a6 aiternative croa. Lice até erum were tried bal Sai of the 
trais was Dbestroypyetd by birós before it cralé Le harvested. We effective bird 
Geri ri pregra Lët pet bree Davis. 


Large-stale Enterprises: Comercial freit le botit-#anara, ItALogia 


The second area of peivete onamertlal larmisq, iles Lt tle astthwost of 
Ità1ogia abest Th) Milaseters (ro- hiiio Dede dilate te the uiterse border 
betwee the fatit ané Angered Hiere., The area comers Peteect ), YÉ ant A E 
egeaere illeseters of lanvi viici hee bemm Gree Lagen #rimariiy by priwete 


EE A 











riit ing vith (ig steletence of mafi etplte-poerrel eye] pent altiwwg) a 
Large ambe: of ee+larmers, with mall farm ef eta te eight bectreaa Lwe 
WT Id 2 [1a astea't ÜÉtltges bitzt (ee pasi bi peera. 
Tetley the area la co of TIET LÈ, urplatntet etannaic igite be. an Abt 
e 
tere wife an vniteeiei IDE farmers vatag 279 tractors A "fe feint en: 
Dimates mele bw De Stuy team sugpeet DIO fermere zeit mite than QU tri 
tore, vit? 19 CIDE anbelt free 12 different camefacterers La À diffanans 
CO TE awa. 
Liette ané Iaespyetietasé farmers coming late the area Mee Seam able 
i 


lé tale iai easily. (figire 2.15! ané 2.75.) Limi has bwen &*algetel by the 


steal vwite-preetbret tc Detfivibeale fer fereiag it bilaris of QUO : 1,00 


kai T pres "e efiginal Gouteatler with à Po-pear Let vèt gratta fer Ki 
ER tat teres hyser, 5o titles Lys bee piwèt La the lang, mer bat tis 
om beet rrtrereb: n» pisas met etiwe bounlcties alst. krtaal Lanse afè 


paid by (erer to the local repranantativos ad the [LA Sey ian prre mmni te 


Da 
LEZ Maetélag tr server! tirep pteburtlwity. Fer tla resem, lata become 


"aque ekri (fèy ritsds ané tras fared. 

Tha vidie afee ie of camsidereile Latereet te the pret tient anf few lop 
wet pei kat leceuee d ifs bight essc1c peteattsi. Rose $2,020 ri (rét 
vitit (ow tè the ares annsaliy at Lin ond háfweastitg fime Tha area 
Cit, be farmet economically a a large “tale vitiant vrtglte-qe-teb Dac hont Loge, 
Leite tlw #afataiwe eeplerseat of Manvi Lada? Ezomonic enpatèfam Lt the ores 
het Pee Cal, Itiner ergatieef plan lag ae tow Urre ligai 44 Etifadtrut tere, 
grtetiaaear De feet of afadaletration, twajthb ané bemm irat fons Lä t topes 
bore calet of lakot, cretit, mrist ond ig pe fecliltties, red agricul eral 
mrviqes 

Bihat iatl lee slrealy pirt bt eneemais!) rele Le the bgricallitTàl orties 
Tha milet prehlene cat je ealed antiy Yo unberetmn£itg ef ganiration f3 ici 
oor) Carmer Lè a slepilo famttionsl writ, ané by esanizisy Che septem te detere 
site hiy DI Gat Pe Degree to Levere octmaait prosperity. Lë PL? Sues 
uà g taal Sooper Chet Du cmpdepuetaldy developed cod ees trattwte mis ati d — 
CHAGE ZONE, Due gielt spores) te Beechatisatiin eut relate te the wie 


farnitp etfaitute rather Dt te Rasiime aepetatienr La epetifit fann sitweet leans 


aki zami 
Ue ots ie Gontribed ae Tergion) (self-mitiiay, biari onttan 211) en, 
taleiog at least 34 perteat clap. Oe terigation is practiced te the arva 


feopite the preaiaity of the Imara River: tia jurreumntiing lané ts omnei öitsi] 


De 
lupet pj Ont Bare y Rosiion pa Du Apeccul tunel Bowtlrymest of Mlit- 
amati, JI Giolribes ` J &recoeent, DIT Imtmengqrasued) Lile Maja: — Matituta 
of bgricelturel Long, gnornabetr, DMI. p. Zei, 


Zei A 











srt farmer being inter. 
view! covretes wits ter naire si reet ant (reve Cotton, 
herp ham bhi bi bene ie kime (reoctare te pl bis lewt 

fer cotton anf tria, reizt etiy 4A Lent wil) reet 
De mott critics) prtehlem ie te tait (ke services si tie 
trecter eal plew what? the gae is right tw weeld jibe 

bay bid met ftesitat bet cont affané it Hw data tip amis 
wha! ereo of lant ^ farm CAJA - SER) 








tit + dune las ti f: | Fermar Ae" ty titan» 
viet sprtotes per “rattars pni rrräéiir UOD 49 twetanen 
of Lent; be ie vnorttais abest the ante a berae tw (reer 
mitini, Gëtt. onl beue enf the qparatiot ta large 
(mpeg To state auth of the barves* for ekret giu mutis 
wrt] prices io Annara 448054 te be degre savé ty the (law 
of prebote dering the harvest ed. pt. Roevertha less be ia 
dëst € panié sot the Dos prices hich be most tier fat 
Min produce (ATA - MA) 
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higher than tle rrrei, ané irrigatiot pweopiteg vnasé be OGfretiy, Pee Gina 
tae sé the ates Gryamés entireiy an the ratefali vhich ie the matat ainitim 
fetter. Aert rafafali fer the three pears 192-7 Le isem fé cable I.e, 
kata before Jure ané aftet OCtaket are agticultutally iseigsificont, ^" Ail 
rege are roit- fef anf the stea receives MO te MO eiliisatars cf raltfall a 
pout, almost ali ad whith falla la (Ode, m tthe avi winds late the eski because 
sé vide deep creche Aaf estat (Tigeres 2.92 ant Ain, 

sie lané te roughly éivisibie tate two broef arene Sy) St: Mettere of 
Lend rounéné by the Takine Liew, Oe zg tere branch of the gered Lime, 
the thelonese ante, ant J?" Lemgitwhe est, which [e entirely Zitt by tras tes 
Zeit fräit (thie area Le aggremteetely SOU slate La eigent kom 15,52. 
hartates afè alreety larmad ant 312,500 are potertiaiiy vieil). ant LW ON 
ba Lans lying envit of the tegt gt of the Anpare? bir, Dosnéet by pis 
bhatatese border ant J)" longitube eral anv, entept for ama fans, entitaiy 
Db&ltivateld Vp secet (thle sree lies Patoweet UD ant DU mwite LT «lewetion, 


ben than | percent ie farmed ami there are MOUND Steg of viala! fann 


sabò. 


ie the (atten aware De eretape latw. wt Geltivates BIC hectares of lant, 
bpyytéaisately Ai gertett grate rrg kum, JÉ Jeront eeskaa, anf 2) percent 
Gët, The price of greta w4qphum ft Agata Tall suhbatattilalle Dori tie 
ita) ecstan, ané this trant la gricwe lé peodedly ceflected Le a efe tim 
ef grote erfpour progertions fret the preqattione meerowt by (4 ltatitaute 
of o Agriceltutal besat Lt tit previews tesda; crag £latribetlgwa were Chen) 
$3 ercest grate ertum, lé percent pepene erf FY percent rëm, The prip- 
ctpal rgetatlons abi their colenier are 441 art ia Table 11.44. 


TAULA Zi. tc #ETIT-atrtiaA: —— vin fa, $1312 1471, [1111712 TILJ AS 
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The erra 


receives MOD tè POD es of etmiel reiefell, ekswet ali ef 
which falls im the three menik tri aid. faute «to mid- 
lepliemter, The refe enève imo the seil repidly becouse 
ofthe Get creche which ferm during the fry mown, Tha 
Tertisol is seggedtiog à fair itep ef gitt, (Cotton 
maeupios stawi Th percent ef the anpramsinately 175.006 
hectares unfer celtivetien,)  (AFT-1*) 





D th Cetero i 


view ef the cM lom crep greving ou the soil illustrated 


ia Figure 7.33. The creo fa lo t fer è rele-fed orvo with 


è rvlatively lav ena) pre«ipitotion. Tielé eotinotes si 


BOY kilagrasa per beclere are everege mal ër m comper- 


ioe either is Quesiity ev quality of eteple to the irri- 
cote’ crepe of either Ton£she Flactatiets or Anibere Fleiee. 
(APE, LE) 
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loomoaic reecurces bere jews suec repidiy tate the sree fèt moechanisné 
protection of Lires male crege. Tesaliy each farmer prove all three crege 
och pest. No rigid patiere of reqdetion io felled; vien ab area becomss 
“ey, TE la plaztèf ta the follawiag seswa; fallow coltiveation is mt 
Pratio. 

Tillege practices ore mechanised ant the same for all tires tres. Ae 
bium ké (be soll 15 weist ané the weeds are eprowting (eatly-2t4 Jwe) a me- 
wep- level On ims) is polled ower the [1414 penetrating tle eril ve 
efe thes À cas. Deeper tiliape fa mg required Perlose tin self -mulii 
Chatacteriotit ef the oll produces a pont tetere) Ott. This egetation may 
Yo (olleet after ote at Dep woods by è ieont Cleding 1f mète we agyess. 
lach fishing te carried (eI at a spend Do corer two [p three Lectares par bout, 

beet fa still Dresécest by lant, jaknbe fè smm al soem aa pòiwoible af ter 
the rains, vesaliy eariy fa June. This severes riponiag Goring a relatively, 
milé thew before catremes of Ligh temperature ant low humidity tas corse 
vabóes shatteting of the pads. Aloe the early herewst provides reaty cash te 
at Dbó—Tentess. Cotten la platted Lamr£iately after aha; nid- jely te 
bks iliret the ecofoet Cate. Sorgiua is sewn leat. 

Altet Lemé-sowing, iatis ositivèatien (or weed contre] 1a meq possibile. 
All weefisg Lé Òme with à Lanó-bo ané harvest irg with a sickle. 

The eres lé esilasèle fer grate ecrghus bot Ue varíatiase (row are tall 
Ai riit, types ubs.iteble fèt combining. Lg ebbme Collefe kaw beet ie 
served 1£ the afè bet Lie malt problem with this crep is sdafilaTitq, se 
katwostisy le alamet eadirely by bani. 

boone lè lanrnitaf isto small ivdëren, four ef which are etaskaé tr 
peter, with LG steme foraiay a baile which forse the basie sd peysest to 
barvrestete (10,81 - 21.01 pou billi Geteptint ou the relative batqaitiag power 
of fate ané barresters)., Harvesters ane well avare of the critical tise 
lottot anf presi fat Ligh rates of pepeett tè ohareesl Ltb, Criten la 
picded at lesit twice ané ectastenaliy ) on 4 tines. Cotten plante afe later 
pullet by bend ané bureet.  Leryhas leeds ape cad adi with a efzèle amd the 
stalke latet cut, bespet ané burned. 

Weeks wett Cn idetté by Dy jotmens tr be Cha ert garòlem zi oulti- 
va tipa. D The corteat Ai Lët si iaseti prete lé letositg a mage orton 
predlan seceesitailisg serial eptay-se vites, Local oetoenn Lët bees enpttesté 
thet wier an efficiant eptay service cas de sètafmé, cottem predoction vill 
£issppest [rom tbe eres. la adéftim te lasott danape of the flalé, setorage 


eent té Cot Sprit Mission pa Che Aptacul iutil Poutltymant ri Ta fit 
nem të, J) Orfrdet - J Mowentae, 147, “pp. di-l. 
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a NA krié 


44d Gëf fè bararérnus becansse of the Hekim wood bag. 


Santo ti Prebect tem 

A poneise fore matapgrantt ptuj fé weeded to make aoODETALE vAsStimatas ed 
farm Clefs anf incomes. la the sree Chl) trëtt apr erinat iino bare bonm 
TEN ine These até set out la Table 11.45. 

ajot matiatlag lé lt Asmata: bert DD perorat of riit lè sold locally. 
bisce there fé aw local mafhatisg eogenization, met forsere are ebilipaé té 
saji their crepe (rout getéint la Dumra, although the bigget farmer: ane 
ale to oll fa Asmera., Tros the fasfotmatien is Table 11.459 it te clear thet 
trantpottatioa at tanfiilsg charges are Ligh la relatita té ether tèuta, 
withoet à Lite, Dile LanL£litg la reqgetred fèr ireti tranepert te Aenea, 
ant port rass it the faraitg Gen £444911816 kaslapt by trectet ané treiler 
t» the collectiog poisis where the truths are iasòsé. (fipere 2.3.) 

Due preduttion of entpiam is the ares kat been esffiic tent to cease a 
£tamatic fail it rr peices ia — — Tta sepur té ser gine enpoettal 
fran che area fa comeidered egsiralast te the fond mede of 400,003 te $05,000 
peegle ané Tha fleaotit-funsara area fa close te thy gertiers highlands viere a 
feud scarcity eaiete. The poesibility ed a Leral supply of Low priced prain 
bigis Hield prove a sabelaantlal] eccmomic etissles té Ue Grrelopaat of 
(affTbpub£isg arest especially la the portiere EVT ei Tuus, Ge-we ] op-ed 
in the Letit-Puerg area muet Comentrete Zë «2.010124 potentia] economics 
sé etale ie ptedertica by Dncresáisg trop yielés, até reducing hanflisg ané 
tremepett Charpes, b thet the falling prala setpbua price ot ill lesvèes tha 
farmer with at s€equste margiz akree Lis total predection ete. 


Te lag Lit fereprisy Gate at eetimaté Can ke made of the agjgresimate 
cut tent levels ad ptobortios {res the esdire ares booed ch present cultivatia 
practices. fotà an reetimate fe oiam ja Zeie 11.44. 

Cries etrpaait $eficienties ft the area Gitt eietanttally te 
inkbequtale iimumi of scale. Ary future érreleyana: ei this afta mest ë- 
peat an the catahbllaAmest of séeqeate ini restructure +r Chet iséiviésa] entre 
pieteurs (an wee their aa. lié te exploit the peceetial economies of large- 
tale mechaniseé faruieg . 





ng: jp- 25-45. 
a tis, p». X. 
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TAME Tf, A3 —“SETIT-MIWERA: Cie COSTS CF MRT ICN PON Lu, 
COTTEN ASD ICO POR ATDRAZE FAN CH b) MDCTAAEY 





lstegeot an capital fer eperat ian 
ef KG ka, (114,24 W £1) 
learing, 124.75 ter ka, provate 
over 1 rei 

f=} #lokitgs at 14.0) par ta. 


kréi: (rede reien À coate in Table 11.44) A3 


bremicoet seeding 
harvest iig 


réel Prefuction Coste per ka. 


fatinated pieli gar hectare 
Coot of refaction per quittal 
1T&1934:T1 ané kanf ling charges 
to afisi 


te gen 
jocks 8) 
Le al (rette . 14 
River creeeing > 
Te Amare (matiat) 1.41 
Leter m 

LH 


stal costa tr Aonate 


Lat isate’ Hatma] noraga prites 
(Asmats, 1947) 
rgit/quimtal ou everape price 
werege farmètè arca of crepe 


bvetsgpe farmer total produc tion 
(tet Total Income 
t lirs pet ectare 


Tetel lataa far A crege 
"tal Iveco foe P trape (per ba.) 
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1.41 1.41 1.41 
$3.24 e Eh A, PA 
15.00 Lë. cu 15.08 
1.13 8.41 
2,02 1.02 2,01 
(23) 14.17 (1a) 32.74 (123). Ze 
s FH LI. ëch MUSS 
PA 4] LA 
tuia. ENIM Lhe. (he. 
12.74 11.47 7.4) 
1." 1.71 1.41 
Zb A 
AA AA 
vw» . ho 
1.41 1.41 
WE 
2,72 1,52 
ki F 3 e 
29.15 ai, vi L.M 
4.4) 0.9 e 6.7) 
FA ka, P be. MP t. 
(KS) (rst) (43%) 
1220 e. èt e, LIO €. 
11434 * HE? = $3319 
Li ' ] è kip e $ 
sin 
153.94 
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fire LE j mets l 4): Creis epg tts 
je besat "e abeeuIs of a brije ewer Oe Zeite Der 
seceesitates the sikile or triple tanfititg ef all produce 
Larweeetef tè the sui of the river, At harewet time 
tbrks of grain are stored fa every awalliaile compound ta 
te towm ef Part (en fant) bani) ané Ou Pager (en 
kréit ash) sealtitq transportation. teow Interret kwa 
beet shown recemtiy fa building a mw Oridge èr complet iag 
Ub unfitiad- bridge which con Ye sea 13 the wyer 
eight-elde of tie picie. The principal entrepren 
la the area inaiète, *owereert, Chet mre important than 
reste ané bridges are gtuhlawa of cirip pretection aed 
Lsgraweeseit. (he preeperity of the area shoal d Yo girautwé 
before tis coetiy tafrestrwrtade of market commanicot ion 
is itatalimé. LATE, Y52) 


Large-scale laterprises: “eteragri, leery Coast 
Leis i termes of Megeratri 

Si Che primary abseactive of Ciwersifyiog ite egriculture, t “SEatetry 
of Agriculture ef tès lvory Coast izitiatmi, im April 1943, a detailed study 
aleei at raplé agrirta]tural development. Jqricelture ef tie Dweery Coast has 
beem Depehbert en coffee ané otaj the imemtia La te édiverify toward 
piseajpla, (asi lander, weqetahlaa, cil pala, cottem, mier, rice, Faits 
(ame anf L1 arca. 

Aa a rcii ef the latens? atuéy, the preeramanta of the lwery Const 
art iereel ia coegeretion with the private CObgetatiw- society ta latae], 
Mridrv, signed at sgreeeest tè supply cartals equipeest ant technicians, 
abi tè trale Deeiriane ervetually te operete the develapanat activity. Ta 
Decree ka, (4 - J) was sipned ou March P, Lid, ané am evtètoneua branch of 
the lorseli Agridew began fa the follewieyg mouth under the iveirian mane of 
Metotagri. All coste were te be palé by tie queverumeti of Iwery Ceset te 
tie Geert of laracl ané thats te the privets Coppetétive antiety 
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Sort of Dést Grmatata ad clesrizsg oni safestiiiag lent fet fereieg, 
we: ané fertilizing, cometrecting earthen dme, comstruttiag setenlary 
Tesis, CIAATUM urs village sites Pi (figeres 2.3) ané 2.95.) “botoragri was 
etigisaliy «stahli4be(4 with expetriste martaprmnti. The eetimsted tise re- 
velre¢ fer Ieviziave te take full responsibilities ad Me¢eregri, m a phased 
withtrees) by lbfaell expatriates, aeppearé as Table IL,AT. 

he epil ané lanbauat ptirrrt hal deen mae ptevioesly te detoraize tie 
wultediiicy of the lamé fèt esih priority crop Ärt trees were fellat, 
hoerveT, ta erter, D917, the prwrennnent ef the Irary Gëtt stabilised a 
eigietica bertes for the ecieatifit promti of ogricelters] sechiaery, ant 
a coor€iaatiog committee for sqrficultural mechizery. Actions by the boreas 
ont CObPTÉILATUM4 opemittiee Lew facluded aneiguerat ef eril surwerers te Séis 
oil ané lLené-aee surveys m ares) pep fro be closerd fer pleating 
epecific priority crys. 


The Madetegri contral statlom ané Loaépguatters at ALÉ en toustate of 
The firectoer-CemaTal's office ant sis majet Gnpartnents: Director ef Berks, 
ecumiral, Financial, Eagiseering, Training ané Wargpowrr, laggiv mnt Trane 
pettetiza. (fer ere Getailed isfornation sew Chapter T.) 

Tes mè bot eptkabap, parts Gepet, treieiag echssl and equipmert veri are 
located at LesbpoaTilats, la adtitiam, there are ats Peglonai stations ert 
Cgeippet wth [lè en verisi, anf eupereieté >r è letali chia! fanagwf anf 
b mattitery spectalioet. 


Paty Copt Coel as CALUCS ou ELI openstings Ve careful record- 
seeping sti tim asbility d the menapere, Rapid oomanttatisa ja ferilitatoé 
by a Count yide Short vere robio setwori. 

Big (41i eppeere te ke evutotaefel became sé thovavyb tin ant Cote 
fel fallae-up op ali compleced fee. Plant are mete it St to ons pear La 
Oratie, «eti is carefully scheduled, ant suppetit Lt previést; field feyarte 
Sre oe engt lat Espè. Reever, ilimite fuligeeet of bwobew rami Ae sel 
sat LÈ Che pease! vittérami af Lereelis te complete. 


Birger te eyeigged with 124 rie, OÈ vans ané 7 truths purohasné 





M oos thse Lë percent ad ovitable agricultural osile are used fòt mpri- 
coltere, Chus, clestitg lané sppests te effer greet oniga fee intressin Ule 
fea of prisvity crepe. 
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Figure 






werishe, $) percert of leery crewler epiijaant ta malè 
talmet in egeretiona] order ir close setegereat onf repii 
repair end serviciog. leliéanera sock An the ues illes 
tretet receive rotine servicing ant repairs, entept fan 
Bajat wori, ie tenperary field werieteps set up close te 
the wert site, (LATE, TA) 





Tigers 7.34 Retetegri (ivory Copot); Teel ergett Trung teed trees 


(9 swothe - | yoor vid) planted in a cleerteg of trepicel 
forest. The huge inéigranis trees ore felled enf win’ read 
by 91er belléowers enf the tesh trees set [da the cleert ty 
frs» bireti., Tees vill wee luster fee Ak poors viti 
thicseiogs rem-see4 every five prann, The iniipit trepicel 
reie forvet la aret ia the tiet teckgpraiuné ei tie pileture, 
Only the met suitable iow is cleered far commercial pre 
éottim. (473-397) 
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"(Bè| ya samba coq" art en 
evo) A^] e) jé Pale Tere) sait Pe Rede kond “A Peleiete saitei OV; Leonie ayi pip ep )jy*ài* en Ja (jr? 
a aba viajei GOT youn e 

Sji Pejiep “beers Ljaaj "iae 


" Ape apre sisi tëëetiwvge jè geigeiige "d ijl] ise 
+ ben Sin 1G "i*qQi^og Oy) Jo Jago Merry “W di spou gege lès vede Pee, 


sii iu iiid i RU 
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«901314 wv31-01 Y AA CSO 001 J0 MO LAY ao 
XY u3114v1:3 OL GNOG q3«OTWAiI) Tvwòtivw TOUT Gwv 31vI1BIVIX3 40 11vWI123 DZ is 


"ti Trevi 





Kr te Peririkr gevrrumerr. Tia ti situes perChasef with à 7.59. Lees Lët inte: 

è. LAT crowler tractwes Qalif Caterpillar: win, Die, Di: ane w'e, 
onl Melt Istepruatfisqa]l: "tir. T2913". ane todo) fat lann atc Zéit it 
bl OLITAWAL on plus &akrrlatal epéipmeti! suci at Gener Plates, ruri fakes, 
ite pusters, rillaTé, packers, &ttbjeét? ant bisillate egal seem. 

e, 71 Saseer-lergueem Vueel-Tracters: H Madel Lin: ané I6 minded lé'a 
fat the tretter-hire service. 

). 12 swali Sonasit b-7) viwelotractont ist ZIL labrtefa ant leple- 
mari ta. 

A. ID pieces of gmall lag losanta noch & pimes, LartDe:, Lisa, platero, 
èni trailers. 

Mlerat? can beep E percorse ef the trattans yoat lema]. Opar trm- 
Pé.&y repalre afe Gone f1 Le (kalé, ant 5D ta ti percent af Che eper ports 
are quitàlyp ahtatestle. About DO percent of Bal repaire ore anba ta che 
totes! atatiom wotiakeg. Theses Tēpile Lot lede : Pe-ioniitg Creeler tracks, 
orer-Leel ing engines ont transaistiots, ant ether me Seg Deedee. Pat 
Teqiam Lae à wucha/^aqg Sa äich moet repaire ané maittanais tot e Labtfled. 
Mile ffaié virise are t£ispatt^us( from the sale work Kg te ett veri 
for opettal pretette of Goten locations. ern fer porte ore filled by 
treats Caller, “arcing Le Cheer Categperios: weeily, mentitiy, ané eta fpes | 
Loge well frequent iv wend parte, are ales manele tere ef the mate werd shop, 
The parte ri Gagprosiasate value FEN ON) repreantte 12 percent of the 
LAK ai Lowe tenti fe tratters an OSI fwad jlappraomsiísafa value: Ji 000 GE). 


eg è b mè; m 


Tha #sti-oott ral lesbpuatters la bata st lamupkbrlnATG;, under gn ireti, 
thief leresli pupeneiséir., Lact region kas two lereeit tochtfiians la diei 
Pete rvieg? èni à Botkatital expert) ta cherge ef ali sort ané evsigeaati ltal 
pergis afe bire arë trelmed ai meini. 

Lach June, datallet plans age frëen rt ane, by Apost, the boatha are 
tloeet te all twe wirt Eet exaerprtlias. The wert plan le eueitued ta the 
tatiphA. tésbpsattens La "Air fee appreval efter Cos! eetinates ice mode 
Sp petet under the fallowisg proevedere: l)a Sieti cf farear makes a Te 
Vorat te the local agriculture] eigtl afwisce of Ciatrici apticultural 
best, 1) if s trveed, the repwest 19 sent by the Heite heel te Oe regione! 
Ti Gsiatwaal offfcer, J) ta ta ture spproces ané evimite it té the Sitte ad 
Agticeltare brabpesttare at Hifi, à) 1f tie Mi: Li i Agrioslture apprime 
tin request, If lè esfaitisé ta MEGTAgtréi Mebgeatters fot comelderation, 3) 
"a4t4aTégTi reviews the pepurai; and, if it ia feasible, (ie pequest te sutaitted 
ts te Meray] repie] beafgubflafa fut Ci ané woti satitates, 3) Seterayri 
fegiemes (te! askas ak e+the-spit serves of tbe està ant waded te the pig- 
botet bau te idjar ané ta De original regeretee, 7) 027 the client spy ners 
Lòt estimatetg Dwèt, (lw ergi fe robadslel kr “aderegri and fitted tata their 


(LE 





timetable of eqaretion. 
Selected lastitetions biet te onglase-prserné Agrit atere 


The Mtiositeral Mectioery Co-eréieastiog pit of LARS fa mèt a renamanti 
Civielon; ney te egricelturea!l emngpisaeeritg ressarit Gantisé mit by tis Leet 
liiwizas Common fermion Crganisation (LASS). Tree 192A te 1942, there vès a 
etit epereted on am Letertarritectieal taste, This was the feet Africas Trette 
ond ilam irg Tooting Crit vite» vas finantwé Mal! by Che itish preerameani 
anë te ether kalé shared egsaliy be the tires Last Arican precraseati, 1.5. 
Eisto wee officer-te-clharge sé thie Teit patet at Arts, kanya, “Gt pred 
ower the Lala of Last Africa, teetiag ant impar tag, tratters, an. Eny lantniés, 
ané CamOectiag agticeltaeTal emplte4e fing cenar Tha unit wae tary tiswaiy 
inked with tiw Jtlonal Imeticete ad Aprwiocsiteral Dsgyimeetiat (IAM) ta the 
Deited Lintee, ALL fwjgawis were publ ieted tiroa the AA 

Led Ste of a fellere te agree on métiaés of ff sante ant Ubp Genie of gp? 
Last African Co etry tè enpan?i Ltr ven Agricultural walhiseT? ergetizatiom, tate 
watt woe Zittëtte ia Zi, The efficer ia-ctarpe became agriositw.al meitinery 
omeortiaeter fer Last Africa unter LACHS with an edite at “tgpupi ant betta 
SOLA £ te LAAT, 

Tee Ce-atéisatat s Duties are: 

l. Te ke the Last A rit lità wit? agricultural mactitery researc) add 
testing etetions tirongheet the world ané bee] Ube thaws Laet African mt: 
rte tafequed an matters of Laterest; 

1. Te cowedinate the researi+ anf iperstigaticmal widh of agrioeltensl 
ergineetiag being carTied out la Leet Africo es an to eveté Guplicetion, ant 
try te Aire the maximum tewalte fran very lisitaé steff; 

). Toe heey all titre Lan Africa Geer nam ta tafereed zf progress with- 
fa oot) DotA ry; 

i. Ce arrenge, Vere metoscery, [ater-<coentry ts-sqetratten; 

1. Ts rrtëtite spetialiata" meetings; 

i. aun metèésary, te artargpe afrisety merrier] 

J. Te maistaia contact with commercial fires, testhisy estab iietimatts ané 
#lALalarty beards mt matters (gerett agricuoltaral martisers. 

Resssrth «né Dreestigational] etoffes being urdertahat within Leet Africe 
at present cower the ves of had toplo, environ opiij af, Dractaeqa of ver- 
lou 61res, gue tt other Lagleeerts, artifizisi tren tiere ané Óetertito- 
tore, (fg precesetag cultivation tectalqens. Boever, meth af the feaeart* 
om lè dots Vp o ebuatLemal Pétablistmaate evit ké "aaapete lalveraity College, 
Lampala, "erën" and igertem College, Hirtz, Compe; anf tès prennnantt etafé 
ornceoetretes op muc banisetlan problema, setilemerti bthemres, dreelepecat pre 
fetis aad the heavy Pegerttatior i trecters fat grverttment um. 
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Da Tei 3 sae Kotye Sariteis prai mecuiserr snis 

Tus Grtraduttion of eeckiowry isto a Geveelepiag Gourtry Öine little is 
iteel! te Durrekes wields witht kreeiafper of (as Iie correct aggit«cation 
(>) the tipeliltass of epe ratione pf (c) iis evitakility. Te SCT mite 
tte it ot Dese factors ore Che mais sies of tie Lowes igrtceiteral Se: 
City Galt. Te ethien theses chMectives tie mit carries avi rete om tore 
KI it Ay bb trecters anf elmeitenouely abrgta à practice af peranti Lë aug? 
testing- 

Tus subaeissise vi marhises fat tesilag Le vobuttaty DG vis pert af the 
ép A teret 4f his peti. Fe ewstrictions afe place; on the sale od a Pè» 
chise, twe Li anv pertioslèr setila reromentnt of rtädrrgt in Che enpas tat 
it has paské (mme acOorjteb riting. Te epet tage tent pari of a tert ka tin 
tartisé m1 under farm confíitiona, Irom thie tatis, the Eais terer fe: 
célere At nò ieeed repeti ou the aechiae’s perfermante, A the sant thew Lis 
test tan gaine enpetiente wd the methine an how peat tò enl: it, abi tt: 
formations of thie setere can b4 posed ot te esteniien wetter for thw deaf lt 
ef direste erf tretetng oertere bela; Der Ganbrt pooeldiy ke expectet te 
have hed (iret-hend precetcal enpertonte wit) sil mHE eo are weet ta 
the DoWatry, te meet Cabe) the ehfect af the test [a [à Geteruiaw tid foi Leit 
faatares ef the markite ubêt a tanpe of Tritz wrrtiag CHDÉitLeme: za? 
rate of weet, (2) Quality ad wert, (J) paret reqelreerat, (è) At? reqeire- 


must, (5) banéiisg hararcterietinié, one (4) came rut tian, 


tagai Lag isand tay 


tus fellaetag afe eacergte frm regelatione etegtet by Ue katiomal D 





otitete of Agriculture, Dag itera 1154 (lilèt, toglené), Lt bptyetatien wif? Che 
Caw-«rumeedit of canes, Twp went effettivo fat testi bp trtckltfuaral filter 
from 1934 te bil: 

L. fie Ut Atizan Tractèt ant leglesant Taatigq pit (LATITT) ie pee- 
pared te (est egrtoeitere] nechiaes sé appltentes thet ore la, oF restés fer, 
comerctal pre@ection; ané te assiet memdocterere be tie Devwa logaauat of MIZ: 
caltere) meitimany, 

1. Peete ate cartied ost a reqeret. 

). koteptante of sgplicetion fee teste fe tormaliy af the tise ratio of 
te Sirectae of the LIA ané lé &lesry Pg arf La tie apresa of tha ent rant 
te the Teetiag bopslatiene. 

à. Terres of testé ant their letatiea are rtiréf vit tis geirrt before 
the statt of Like test. Sewtetions fros the esigtaal program may te be ka t'a 


test precedare by mikal apteaanni, 





entrite by LX. Comper, iir ta Cape. Agticalturtal Air 


Dait, Lët, Lerte. 


telèt 








S. da eatimata si Cit pousile be Lé epi payi Lt agreed sitt tis 
eti tf jefere the ert taris eti vill mèt e anieri vitbait Cle agreman 
ad tie evtrant. 

+. A fett? «fll be sant rt the estrant at tie Centisaten of the feat; 
the resaite £f tle tert ohall meg be palblisted wittend the written Ganenit of 
tie treat. 

7, LÉ the ettet te agrewsble té publication, the resulte of tie tant 
vill wees lied rp De KAL -éilicationma até suggeaeted Lege ere 
wits ma? be bbei té Oe fepeet by the ettraat fa the fors of faugtzstes. 

f). Pell anf bridge reports are .. e pad listo. 

P. Peowkted that (te rewelte have been paflistwé by the VIAL, the esntrans 
Bay use fhe fesiité of toe teat Commercially ta avy ot ali sé three ways! Mu 
"er Sletribete the fai: sni ADridrsé vejafòme of tha regart witht alteratim 
of GEZMé Sem; be Bay Guide eateecte fran tie fell repati prewidet thet tis 
written àpptreal of the Sdretter of the ELLI Ana peer cOtalaed te the wee sé 
fe estreito i^ their tanteste; of Aw may eration Lt aa lwe rit vann thet 
tht kalkita af sggilente fn) beet taetod (bot may faf peptit agg¢e@ral) by the 
LATE, 

Ee, la SEI o event cf aunt breach by the entrant sé the Ceblitiats stated La 
Petagtayi *, the KIAL reserves the right te pòlish the renslta of the tavi 
ta feli. 

1i. Beiter che BILAL, the LATITI, mer any perea ov boty engaged an their 
behalf for the porpoee of the test, chall e held roogemetile fer avi tana 
«La Leiar IO) Lie miiie unter test. 

11. A test uall eet be vvèertalat c5 Str mehine af appiliatteé thet la 
Lpiepëet Lé be the subfert af at aplicati fer pateant precectian vwati! the 
eyplitati m bes beet properl» evimittai. 

AJ. a. jfeparata patente myy ke taka quf ta proleti svijèct setter dis 
Cevered Gitiag De conte cf Zenit sade Vo ALAN av Laity. 

b. [lf the pateris Laten owt ubéer the abow Clrowwetences comet i tute 
patente of adiitit, ta semefacturer of the machine may Yo created: (1) free 
tovi1fanafatfahla licences, otf (2) eutierityey te ta the tosilti eltwota te. 

li. Ifatapttt Charges Lierelva ie the teet shell Yo danm Ar D sii fini 
or is agent. 


153.  Iaterpretation qf tuse repeletianme isvll reat fLeelly with the fär, 


etit of tho FIAI. 








fatarita Lei et Their 





Pregettias sé Laterite 


Laterits “a a Cigtls .eeat$5atet saterial rich ia eetuméery rain of 
iret, ilumin, 4f pati. [i las teastir wrid sé aee anf primary sliiceates, 
bat it map Ditiais Large mutes of quaft) ané baslisite. It tè «either 
here et capehle of tarberlid4 OF 4«4pbpbott La ruwi/idtëisg eettiag ané frviag. 
True laterite tecerteres with lavé wee Ir Africa, Ledia. ant eleenfere ia 

A 
the Tropici. 

heteeet DE ant 1401, bechte, 4 Iritist perleqiat ant eet) ecieetia., 
#tuZisé svile im Gtaëisggierg imtis, mw vitiis the gien of "ware ané 
fatale. ft deatgihed laterite esi; 

It is fall ef cavities anf prre, anf osvtataa à wore 

large quattity ef tree la the Darm of ref ané pelle atitea. 

Le the mare, Wili iutluété (tom DI sat, it ké su mafi thet 

avy (rat itatraman: Peafil, cade it, emt if fa thy leto bpi 

Tebi with a gitè-ant ani immeflatel, tu iste the hep 

wanteé with à tree] of iarge balie. If vn tree effet iv 

Gonti ai AESÉ ki biiti, apf realite ~a ait anf vg 1 We Su? 

battet that avy briiite fia © Are dae Dt infia. C 

laté rite anflèé Cimi Lews Vr Aetòté eget Epherre ant te be savé it 
latin up ki ebèrone ef belliiey atn anf riga, ki recently Geseritwé 

Ii che fereetios 28 gëtt, ané SÉ ts meleture cmbnefitlone 
mf comistemry are &atlafartaeTry, sete rite Bay be quartiet amd 


(ut tote biahe of the slaw of Large bricks ané t repiten 
dlp nof bero A kasé or: trëtt. H 


ve 
ET. Cretate hajan — sapà tie tati. ing of laterite erile fs aa fellows) 


la regard to reclamatiom issfteutay of Sardeted Jlatèerite 
kr Sheed ireigatLos) an rete Ath a Gemenetration wert tant bou 
Oonpburtef. ka iaditatèf fa wy eoclier latter, laterites if tie 
ecume ibbyratet ant SMart, they feig Itrewrsltlis Lnfstatet. 





"Lele T. Aitranber ané Janm ©. Caty, CORR pof Strätgë lj 
Lafktrift da Seals, Zecheital Palletin 9o. 1287 (anis qt, 3. C.: 
f. $..Drgattwrat of Agticultuse, IMT), p- 8. 


H? 
Z.A. Preststt, ané LIL. Femdleton, Leta: and fete Ba, 


Toechtaical CGraminicat ion Be. 47, GCommemeenit® bores». si “ati Miete 
(farsa towel, Ünglant: Comment) Ajticwiteral bet a, i"), 
p. l 

Hr. Zens, St. Retiranani, anf T.F. kalt io coblatetatim 
wit» key L. dmat, $4444: "cat enai £v asé Font to sa gel 
Meet (dew Colic “reatior-Aali, Lite), p V2). 


Dr. 1.7. Gevinfa Late, Beal, Divtelew i7 bell borvey ané Lamt 
Toe, lnia Ajtiositural hResearià Loot! age, Ww Ali, iaéla. 
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Gece they bec. hardemet, laterites Ar mei eften with ert 
amount of wetting. It la owly seit Leite wirch can bo pelit- 
ened itto a pullet comtities, YO 


Laterite pile kane beem aappeé sp 15 millig& bectares ft central 
nt Hiera Ipit, wiere liy lave been fermerë successfully fer several 
(Ap ap pears. Alt crop plelds en laterite opile is [nfía an low, 
the ln£ia farmere have learned a “serviwal” type of apriculture, this 
enperisaie can )elp African farmers co alsilar laterite esile where mpri- 
Ou lupe 15 ouch pounipet. 

The ločim farmer wee ont power primarily. to larpe achas ate 
cleared. Other enile sad Crep Benagrasat practices om laterite veille 
have been ng c fi dod: 


The commos practice of farmers ot laterite ané lateritic 
spile Grein petéy |vetiané rice] is te aply organic matter 
ant greens lasi at mnures wiepewceg available . . . I think tis 
eme of tbe bauefitial effecta of the abfitior of tree lea! 
kavu anf ergenic mallet la té prevent bharórsisg of laterite. 


Wetlané rice will create VeépomeerjAit dition which 
Day Len! tà the formation of Graser laterite vòieh la 
mere vyrérated ané sefter the oréitary laterite. 


laterite predutes a outer of quí crepe, particularly rice. 
eget etter creya, menlis May e tabt of rletatir «rege 
Like coffee ant tes fa the Mille anf fruit cs age Like plaeagg les, 
anana, git, Tapioca [|Gaièava] io alee prova eotene ively ou 
latrrite epile . . . Ditt cultivation will lead to lous ei 
ep soil by erosie ané exposure of the laterite . . . which wil] 
leet te by | =<. « Ge te Gtiyératièn of the [ren ant 
slumitums mmidi. Y) 


laterite mni [te Karóemita 


Aubier prezinent grep of eiis in the vet-éry tregice 
hew bees called Crouné-Seter Laterites. These d) comt eis 
laterite er hardvaed relite of it a am eveential feature. 
Aithaayi the total area ef Creunb-Vater Laterite erite ia the 
wld la met large, they Ar occur ae Goagaminta of epil pattern 
la some highly petite places. The caltivetery of fouti inéta 
learted mere the à Uhrutabí pears apr that they could be used 
indefinitely under wired ouitunet a4 reguirisq regalar enspovere 
Le the ous ané rate. Fei if Cha autfott of Guruné-Mdetes 
LAG si tapwaté, Che dupi lotorite bons hetda ant Dhu 
ipili Et otatiy tuont£. fon corp sat fet a lanj, lanj time. 





Meroena ei (Atis, Grrinia Lisi ahn, Cited Daly L, 1M7. 


aia RR tgaumitatiem etet July 24, IA. Levitaudiuri/Erahwe. 


(br. $.F. Rayetiew Mart, heetor fpocialiot (Land lettin), Flaming 
CGaamise laa, Wew alki). 


eg ZE communicatio, Lerchamdffuurt "Donatus, Ze Ze 24, 1944. 
yi 
lbid. 
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[restes tembe tè reéuor the Gepth of svríface opil ané thus 


Lesteme the érytay e The barónne£g laterite is highly 
restatani té weiering. 


DO Vire rest Ococerpeso of Laterite Toile 


laterites Move also bees reported extensively tèreugteut tropical ant 
sezi-trepital countries. ia OY) countries La Africa leterites ané merti- 
sitë soils are eetiasted té occupy $.398,000 eguare bilometerse, li percent 
ef tae total lané eurisoe of Africa, ané after Geert opile, they ore the 
most cestens[wve beefy of soils is Africa. (ligure i. Yi) 


Characteristics of Latarite tetls 


ké ifeatified ané naget is tie (falé, laterítes osantete of at lost 
two suderials of oentrastisq chremelagical age, first ésecrikné by Ol dues 
iz Ie) aa Mgpelewl], ané lav-lawi. The high-level fèm ef laterite 
ptu r9 haróenef inotatobe Cape, usually of a seter of more fa fhickagéss, 
aui agpeariig as ereeion-resietest estiace ef hilltops, with gëfteg Om 
oletiog of brekan chude of laterite that kaw quelles or allé An the 
slope. law-lavel laterite that Lë haróete£ có exposure uswally fè istis- 
tisqpuitchable fran tbe kigi-lawl fora eacèyt thet lov lewil laterite spe: 
bà haróntef secnbétary iremetens et the ourien: or as sefter material at 
veritable Grpika below ta rie, ia general, the seger tis laterite 
leper tbe eefter it te; towerwwr, cons the seftest anf Genprst material will 
banm irreversibly wher exgoeued te the air. 

“et sutteritios agree, thet datt high-low) ant the ire-lavel kinès 
of letertte are formed ia low-lying areae where seepage valer? moet soluble 
ire te cemontirate at greaumé-water level la whet is cow called the laterite 
Arer, Rigb-lavè]l laterite was aaDaequetily uplifted, the surfer eet! 
eteiet, the seceadary fret tans leper Latest, ané the hardened laterite 
Las persisted becouse of its resfstante te vesttaoting ant ervel. by 
tuTirast, the low-level laterite la presume Le la onttituialy formin. 





Pi arles B. Tallegs, "éerlé Pend Nert- ané Pretution — Present and 
Future," Kotiomal Atadtmy of Scienta, Kec ions) beer Council, PioonclGasi, 
Feat trtal eonun Mit nof Rest vi he Esiiotit Stitine (Waehinqtee, 
$.C., Ortaher 1-16, 19545), p. LIT. (Italica mbbed.) 


V5 Mola, besaka, burunti, Casten, "rrffral Africa brjahlit, Gorge 
(Brasz4v1l1le), Cage (Lizakasa), Cobre, Chans, Cainea, leery Cast, Lewya, 
Liberia, Kalmwi, Valagaey Meguilic, “all, Sesasòlque, Xiprria, Pertugusess 
Caisea, bleyuhlit of fouti Africa, Mhbbesia, epps, Letegal, Tierra Lane, 
bei Let, Tavrtania, Trgs, Upate, Tyger Volta, ané Leila. 


“an, Olim, 4 Monusl r( Goanlapy «x Inéiz, Cuaptar 15, “Latarite” 
qatet fa Preecett ané Peadletm, ip. CALL, p. À 
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Da #lstritet ion Laterite seil Le Africa Llaterites 
ant seercisted evila are estimated té ettapy 18 percent 
of the total lané perisce af Africa ond kare aem lómti- 
fied la DD different African countries. They are the sant 
atelye Defy ef soils Le Africa after desert spile. 
Leterites ore very infertile ané tent te kanta a spreta. 
feprce: Presoett amd Penlletan, sp. cit., P. LI, 
LC -39) 
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Kalleqg ané kis staff have saggeeted thet the tern laterite sleald ka 
comftemé te ferruginsus materiale that haróes oo esgc)ore ané te relics of 
vwd materials, occurring ae ary ei: 


l. eft medtled clays thet change irreversibly te botèpans ané 
(rests vin enpoesi. 

a. Galleler ané sect led Manfgans anf truta. 

J). Cabcretieas, wt comsel iéoted, 


4. Comperetiogs , tamea 114otod. " 


A mere recent classification by Lellegg ei Lis etaff kas placed 
Saterites ané latoeslé Le Order Sa. 9, CITRILS, ané mat of the laterites 
ia wiert EA 

fcmita (1995-1945) Zoé dief the formation ant estesi of laterite 
formatira 12 Crinma anb "SIAS Pr Eprimefame vi koné letrritie enan 
ut pti fp Pa BLfZviky vé mte ce these Bota ant puii Di putfooe 
t$ Du anal kr collared trnd Cina PI 

Laterites occur ooh eld lané euriacté uber comfitions si forest ef 
fereet-grese vegetation with appretimateiy 1227 aidtiimetars cf sere of anual 
taisfall ané a Gefizite (Ty season; ané are forari Le gie qd the ister- 
mittet wafer table by the precipitation ef iran fran iren-labra sité 
plut imma c? nary bhin£ of retis abi pareat caterials. Leterites fers mont 
slowly s» receat allium, pourg woltamit srx, calcareous pèll materiale 
anf Deep ané slowly permeable clay soils. 

Tha secstLar irenatans fa Doe-lewel laterite sav occur em Che eae fore 
or Lë à Gert of re Seitert, otf wary fran a tilchaess of a flew conti meters 
té tee miari. The iretaitans laret of beth the Lar-lewe)] ant Kit lee) 
forme may be pieslitic (compeeed of pee-elned particles aftiuag coaselitetet 
of untemeeli¢Cated) en vealoular (with cavities ané comesli£ated). ^ Laa 
patharitiss believe thet tie clase resesbiante it structures of termite 
mounés ané vesicular laterite fe Que te the latter being kanbrané termite- 
wrThbetd oril material. 


"Charles L. Lei ien, Ül'ulounkt, Lapptacorea por Che Chesed ja OE Lu 
ont WompotLr£fuss t] Chat frail Guniga ce Thrga cel. Gef Couztriist Legere, 
Ieciaita] Coemamication We. dé (Pera Aryel, glandi: Pboreps at bei) 
Liege, DV), gp. 94-43. 

W es. DegparftseaA of Agticaltuxe, Sugpdcment £p bral Classifitatise 
Zeie (TO parime tim) (Washimgtm, D.C: fell Cmaervetien fervice, 
Maria 197). 


2 Cited by Prescott, ané Peadiletan, vp. Gil., p- 13. (Tialle 
abiet.) 


1 Veelcular laterite resesklas a otaj ifabèt ané velozait lave mal 
lé sometimes confused with tha latter. 


1-151 





Le = ee — - 


Chenitally, soft ané herdemed laterite comeists of materials ei 
veryitg prepertions gi tptreted caides sé irma with leseet ansante si 
alumise avi silices. The grimary €iffereace between soft ané hardened 
laterite fe the ameTyhrue ratore ef the farmer ari the cryotaliizity ei 
tae latte. 

Latarite sells arc usnally highly laa hed, strongly arid, with a lew 
level of fertility. Bitreges la Ceteiëered the firet satrient element te 
liait plant grew. Marejhorie waually lè rendered vnavallable becouse of 
tie high fikatiga aa ira phrejghate. ivallsmility sí tist, molyhézoun amd 
copper la ales Low. |Pentbermene, the hardened irmata layer reetricts 
rest elangadiot, Órcreases available water fèt plat growih éstisyg dey 
periobs ané lé ornéutive te st eatess of veter fet plant trett ering tie 
teley tèm. for tiess ané ether reegen, a satléfactèry respates ta 
selâm talta with Oe we of fertilizers os meet flalé crege growitg m 
laterite eile. (Figoree 1.9, 2.37, 1.9 ané 1.5.) 

sharess, most (leli crepe grow pasriy en laterite osila, yields af 
certain crepe such ab Liða, £u ATCAZSA , tezaarit, glager, ané vocet 
petatore apre wouslly satisfactery. Dany tree crepe euch aa tanariné, mange, 
(aske, Chb&ETA, (tated, batste, anf tees ant other forest trans, SÄI weil 
té laterite sei is, DÉI 

Cantina cultivotiss lè the tropica irvariahly rewalts is Losses cf 
eril organic matter tatèept viere forest trees are left at shede of barata 
la Ltziwëei is tie crep retetion. The large outer af banana Legeee pro- 
oust asé tbeir ekate bring ot intresse fa sesi! organic motter, 177 

bye ané Creealané state: 

e « « De tragitltaal eyetem af shiftiag caltivecten ta 

the forest afeaitahiy pretecte the soti fros erecten 12 spite of 

geet slopes ané hegvy r212íall. la sevens, erosion lessee 

uitg è alagle ported af cropping an uswvally elipt boca of 

the pretle olies; and even om steeper olipas [hey are mot esffi- 

cims Le toraisate (he famelfate ereypizg pertol. Bepested cycles 

of creppisg ané fallevitq sey bonrter coupe total rula te sevanas 


elles becewe tisy wuncprvec subesils rich la ires cride, which if 
on iIafurated already, biZomt kè ou Cast. 29) 


Weerrer, fett ereas are alee Lipes which freguaatly ave 
ires-enfíithed borisate seer the surfares, abi if these are gi 
already indurated, Guy vag Lt Ar si Gest a akrispeé 
by shack cosine. 104 





lelro ané Pendleten, ig. Gef, p. Ai, 


190 5. Bye ané D.J. Greenlami, Tha Soil Under Shifting Cul Listino, 
Tediaital Commemicotion Be. 31 (famia Reyèl, Deglané: Ceumenvoalti 
Agriceltera] Paresem, 19460), pw. 90-127. 


We. Y). 
Ile, p. 124. (Italico abist.) 
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Tigers J.M 





The tpperil ti 
very all até Geese a4 pauppeti even fait Cree vi t hoes 
greet care it oSitivetian practices (pta: pele bende 
ore epered at 4 105 Letervels.) (LF0-‘S 457) 









wie latèrite 
few reiter coltivetion the eti of seisters 
eon! teegereture (onees baréesing tote rock " wl git: 
tere Ap orstorrte Lika "iwreg This effect e the 

oot) gien (a Titre 2.9 is ilive rotel in this (Lë 
This eres la port af à large foret Leet i of Dew 
ehariel farm uting Roselat egzigaati, [1 at fira! 
tejadi an (91) oué eenrkanré ia It ecs:eo si Lew vis" és 
$e e the taille laterite. (koté: the tape is westored 
ia (iaehes ond pele konte at 4 Ltb isgervela.) (AFT-131) 
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fire J.M 


Tigere 7.0 





terite re 


Weise (rep growing om thie «koli 
eleeet a complete (allure 








terite 
ve laterite bee prred 
(11-332) 








te | is serite hilfe n 
leterite bwalécr (a the silio of a kont falle (svi ftita 
Càltivsetlset) field where the beat falle has met bees 
esfftejontiy lang te prevest the laterite fran kantantins 
The Vaeuléer (a om a fore ttèt kepi, Gantia, where "te 
(reppi^n eroten in: greonbbós ++ peer] mille: -- fel bow 
(esc. fer ene poor tiy). (Uude: the tape ie sessinré 
it textes.) CAFR-1AY)) 
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Tiree oonfitiane ant necessary for kanbantay of laterite: 


t- 4 e6eguste 11771] of estiiis tren. alte b» er isil sf irm frm 
Cvrreunfintp areas zi by an orat [low of ether cometituets ané a 
resi Cur Oobpertration ef existing irm. 

T. Je allerneting vet tenem apé ry seanma of ogreutestely epusl 
Dë Ai Lët, with safflriert rais fa the wet Lët Lo Continunusls 
terete Liy Bote f Drm ergregetion. 

3. A level last surface viti a slowly permesile lever where the 

(qs-onbrer1Taiet berinem cat Óevelag Zä the wet creda la a 

periotic water table of at lasèt iz a boue of saturatim. O 


le pamor, entichmaat Lt iran La reqeiret to prefuce a 
eeterial thet will kaném, [f the material lè coarse tertered, 
Ti wach ekrigimatt fé required; the finer teatared fa noterial, 
tie presler the accumulation af irm requiref. Accumulet low gen 
result fran the removal of ether cossritunts, li Bay come fran 

olde seurces Ia weeping grouné water or tareugt vertical 
testiti, oF LI muy be Leef bw local Peafrang ranni sitt | 
Uhe meterial itealf. AM4 


Tee fielt efstertwat ens Luticote uhat Epherre èf 2t 
ketetite material te wetting ané Crying leeds te crust formation. 
Phe principal ferters thet aepcelerate the Liber iz precoce; are 
erreios ané tbe reeewal of forest cower. The tee, «f course, 
are often closely relatel. The miseire canid net Óeternita iuw 
one a Cpbvet of whet Grpth of sil are reqerred te prewat here- 
ening fa ary Geer sree; thie wtf rette speotifit (laid yerl- 
amis wert a perio’ of time. The provostira pj ketini us 
AID LAA oe Cw Cfi wx. some si Che pioa fòt ON LEZ A de 
(do Ati fut Shel howe bonte onetemptatré oe Chou ané tipitu. 


Fro Cote sètaioné ot lansiry, la Lait, it apprann thai 
tie herd crust ané the weft material below it ew the kare ciemi- 
tal comgaeitiss. ex €iffer only ta tryetel site mei Se “atant 
of wemi water. MM bereet, Cuines, Cote were ekta! ved 
om tie ties Tequired sé ferm a karé crat. kettiayg ané £ry.14 
fet à perisi of 15 poune coumedi a kart, alagilike crat, I ta l 
(wetioeters Giro, te be formed. The asse material weed La whe 
walle of a boute, "ëtt Lëuwug ir dev fer the sann petisé, was stil] | 
spit enough té be scretched with a thustesi]. Thus it eal’ see 
thet the MerGening procese la ane ef eslatim amd crystal trëen. 19? 


la perte of West Africa, regel of the this forest fer the 
tellivetion ef ciiam of peat) Dresses tie tryisg ef the 


ruby laterite enmi te Laróes it under the wry feet of the 
lirar. 


— s — — — 
wnt Caby, DEL tik., p. A. 


HI 
: I$, p 18. 


nag, 
o KE L. Kallaga, Aesiétati AMòzinistrater fer feil Luet, boil 


Gameervetion Service, U. $. Sepertantt of AMgritalture, sa clesender anf 
Coty, tw. tit., p. tit. 
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feftetins ef ermet Laterite 


$e far sé we oreli see, vegetation Se the miy apent that 
Gat prevent sf tweeree thie karémissy process. Trees apé other 
ptremaial wooBy planté are most effecti. Loge fereetry esperi- 
mete la Culmea, Dahreep, ané Kigeria teficete thet enan cruste 
is wall-(rsised positions can be bretas ug by the reete ané litter 
ef trees, pertage sided by a chanpe fa aforotiimate. Thie lewis 
to eslabilisatian ané mpvenant of (ran, probably te a osegles 
with organic metter. 199 


The establishment of veprtatixa fe an ispottant fatter ta bremi iry 
w Leterite crusts ané fa rewersisg the VLasar£ of bardatitg. Keer ar 
(0942)119 reported a meaturable reversal ef hardening under a tea 
plantatton fa lé reng, Seftemtag te caused by redaction and 
chalation by ergatit matter, Uy the piyeltal action of meta, and 
Dy Uh preewotiom of eatranna, ef éryiny ané high tzegoarature Zil 


Little epectfic izformationg pos the revennal of tarératay 13 
evallable. The tafermetion ehtaiani ou the causas of hardening, 
bavever, imficates tbe direction fa which LtEtt con be ericoted.2 2! 


Fee Cots, cheerwetion, ané taterpretatizas shew that it Le 
entirely fessible te prevent ta korfeatag of laterite thet ta 
still esft 1f sume contre] ef Lend we te posetvte 11) 


The teed fèr bell ftrecture Studies fa Chans 


Aut Let sib fected highly eeattberet onn) Leas ané cles loa orile of 
mitral Chara fè mecbairal analyèté, with ané witheat a CLegereisg agent, 
Aaf covet j ated : 


Pee binding of the clay fractios by iran exides te ailt- 

ubi fite ané endive sané-sise! aggregates, avé the marked etability 
of theee oggregetes, saggear te be isportant factors affettise the 
use of Mighly weathered tropical sails ani te ccetribete te their 
fewvewrable piyetcal progerties, taclufizg their porosity amd gore 
£r1altampe . . . it fa very deoirsbla that ssil aciontiste yr? tann 
fal attewtise te this preàlawm ané try te falles, by careful meer- 
watiaom, app pfyettal changes fa the various soll types cultivated, 
mol allèzyt Lè aksrriste thes with the funLamenial charectertet ics 
of the evil of that a greater knowledge ef changes te be exsptettet 
mm cultivetion can be badit up 114 





SO? Mesandes mnt Cafy, ry. tèf., p. 3. 


as. hseewear. “fail Oste fa Ier Plartation”, "an nef 
FrezAf, Vel. l, ge, J, 1594. 


SAN kiasandet avi Caby, tf. Cal, pe li. 
"tid. 
Hui 


M retar W, Ma, "De diferte of Large-icale Wedhatilaed Agrirelture op 
the Prpeical Fregertilaes ef eet African fatla", Ghonu Äre tí Agti- 
taolisel Seapets, Vel. 1, 19A, pp. 35-49. 
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Tritetok ve soudi Lt must be pe tt part sé ill ett: 
LLÉAI4 HAS ae LG LI. EIGLir we rol tropical sells kaw prof 
barfeta spil etrurtere apr Gout client, hat happens te estrella 
terime ebil etructawe «hen tie eril fa caltiveted Got itunuiy, hirr, 
is the crucial pretiem. fell capping (surfere crat formation), pafon 
toll emeim, mi hardewing of the grruní-eatec laterite Leper ant regerted 
Py reseancte=» ant Geervers [> Africa. Betteut tecet agen ow kin ni 
uf iq GrwttefEttë pce Cheat Gett perdi ba £rtr cela moras kraf pru 
Lisa £g unde mrthneafp£ oulfavatine coe bi efontafbé. 

Tie following cose cmphaéirss the importan which a proefit-aoríautad 
ptiwete farmer etteches te proper ensi kwis. lp Chans a gree ret 
form eetedlisted ta 1942 at fren, 118 milet nrftaaet ri Leni, vas 
ahentemet ir DPs teceuse of lew crep yields reeaitiog from the Marte iy 
of the laterita sali Lipit vies expeeet te the onnfitinn sí abfitisa.! 
wetting anf Cryiag. Trantcrisaé firming Leaf beet esghrret Lt centr eet 
ts the ¢refitiamal hani reien of iii caltivetion. After being 
mimet, the farm was belé to av infiridwel vip paté fer a moll sevre 
thet recomernie!d tha estahlistaeat sí permenant paétarne on tie this laterita 
erile and field crepe em the Geeger, poteatialiy produtti erile (Figore 1.61). 

The scientist tm charge ef the Chans fet! ferwew*!> Mat pregpered a ney 
tí Chata t6 dalitate creas ware bila com be dafèely tra te:isteé, sarees 
ueobafe for tuscters bat sadteble fer anttaal-pooere/ agriceltere, ah afèm 
flere tie terefitiens] bee-cultere shes) arnt ibd (gore 1.41). 





nr. harry erty 


1-141 











Fi goute 


de om 


ki 
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Figero 2 41 









teowrrce: "trn Ek GE E j 
of wie toile ei hens unter Prectioes of Kriteri sed snl 
Henf Caltivetie. fet Crepe enf Liwali Prefert ion,” 
Thr brfaurel) Seth lefenmitaonel Competes ed Brad 
Ltotett (Afetlaide: i-li kupeet), Vel. IV, Peper 7), 
ge. 213-22). (kee Lagen e papi.) 
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Late te Tigers 7.4) 


A Lent where mere than WO percent of the esile ere «ope^le of deing 
coltiveteé comtimupssly with trectate, ssp, at by Lend with little si 
ns tell bereari. beetrictive layer af Loterie (irmuyet), of Sed peri 
oe grewelliy layer, of slowly permesile soil materisi may lio elo 
“oo. Torlobed 1.1. fet) penerreetion Service Lent Capability Cleanses 
I t» 11 mgit DD percent Bf the tata! eres af Cheta. 


I. Leni where mute Chen VI operis. vi of the kriit ere copeble of being 
celttwateéd lLetersitteetiy by essen at by bent with a ritim of dash 

tail lan hs capehle af etaj farané by riit beceuee of well bereri 
Meetriciiee Lover of Jaterite (Lranpes), berred, tr et grewel ly 
levet, of slhewly perewatle Gril material mov lio between “! oni “A ou 
lnt ludere 7,5, tell Coneervetion Service Land Cagpedility Classes T ant 11 
Lomprises |) portent of the intel eres of Chans 


c Len! where more then bÒ pentent of the soile ere nat Ckpatle of 
ting coltisate£f except ir torleted patches becouse the seil da tas 
steli (leas then Li cmn) te letertia (irenen) ef Mfr). tee etry 
a Lët graeeilp pfo tee elly prrasatle; of tan rolling tapagrayie 

Im bues 17,53, fell Coneervetien feretce Lon! Copedility Classes TI! ant 
1111 Camptises 4) mwrtter" si the tadal ares of Chans 


1 Leitge alluvial anile core^ 1e af being coltivated Gentimansaly viti 
‘rectors, mann, of by koné fat the probortiort of spre«laligeft crepe i? 
ohegquete bof Gavtimaunes artificial freinage ia proridet Comme ín à 
les? (an ce percent of the ital area of Chans. 
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DWIDXDDLUMD AK) TDORUICAI AXGALTIIOD oy 
ACRICILTYRAL PCCKCTICN CWT iene 


Krieger the Level e scale of sgriceltere, the farmer fé a teel user 
wnt Se Africa be la primarily a bani taol sqeratsr. la Dor feeds fira 
budal Int (Eta omutlig, meal cmetewonnel hea tom ml gy gn Fis 
ponm ti" Gnttb lilli da aan old Costa refer Chee devilryomant ou 
ONNEL #4 € ot DELILE pets. ` regeert, Loon nga rt oreptyyomont LE la 
pel GON ^. (nom Dur agéiert au£hhur lire eq tudfze Goin ned ewer 
bpitona Choe hw ptretee Aratenity in Cee mit vi oli pati." 

la most of Louatorial Africa today, the lant fe till filled maunis 
oy ané settee with localiy-anbe tls. Tools bave esit slowly ter 
geraetatlons sí wee, ané Gary bear étftriàimg teim lani tè antiant tabli. 
Motewrer, £ attt pri koné Creda wad! elina it Ajta toe artotul utr jen 
pang EI Er Zomm. “Dwa teeter ct muidarired holdings, man atill iyis 
twer-thinds té three-feartie of bie working time with and iaplenenis, *" 

Lat fa tle Tropical moe al Africa le penmeta^ 1» underengltypet amt, 
ELi for efabonal peek Cewuntós, matr batis far spetationa coe erill je 
fos ecnumiralls by Segre’ Lënt-itegfef Briet. Toe af tape! toule 
hee a direct effect en agT'tultural predurtive. Uelegs Lond ai &íbpurfrig 
FPE ont cu fiot d ce Di unele gef heltre Colletta ensetivten, Dhu 
and rj &aretzeuE tr, jutfaluftu, itupilie, ond plent pertrtfite mo utt 
wall ert howe Du Gesceed effect n ptodurfire gal. Vates rom lakat 
ant frt" ivenataf Ser mèt Je large ensap te etonerape the sfirgticn af 
Lmgreweób-larmitg practices if imseificlont Mend tarle are val.” Lat jacta an 
koné Coeds ments ontnpy, ontereic pr té, def ata cj tpe tapas grt 
law Lrsela ct präw fie ané ebpkfus« Sili Sudi deirim | fo Phe dovèlsyomant 
Pj E vada. apta cul Eat, 

Mret older kont toole fèt oultivatisy tropical exile were made of 
pat (Lè BpulieRT Piligrg.a ki Pitié at 1*5), nani mitimus tillage vas 
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Ata tol Ent an Paowelspeng Crwetucs (eigectrwiäefi (Mieterta, buttalla: 
Comunity A14 Abreaf, e 4.), p- M 
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ané Agricultural Orgatisation of the Uluni Katima, 140), py. 4. 


‘central Treaty Orgenisotion, Fame Tant: ané lepdeereta, Treweliag 
fitar fo Iram, Piit, Turkey, (kän CENTS, fepteaker, 14), p. 15. 
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practiced long before it became popular with modern power farmers. In 

the past half century, wearing parts of tools have been faced vith or 
mace of metal to prolong their life and reduced the human energy required. 
Each area or region tends to cevelop its own and often unique implements, 
but the basic designs and methods of use are strikingly similar throughout 
Equatorial Africa. Many of the traditional tools and some of th? improved 
tools and techniques which offer major opportunities for improvement and 
change in subsistence agriculture are discussed in this section. 

No single tool or method can suit all conditions. In southern Ethiopia, 
Sudan, northern Kenya and Tanzania, the cultivator for the most part farms 
on the flat; while in Nigeria, Ghana, Senegal and Ivory Coast, he usually 
makes mounds or plants on ridges. The tools used are shaped and sized to 
perform these operations most expeditiously: the Nigerian gawa and Ghanaian 
kpakpla are built to move soil and p*le it in heaps and ridges, while the 
Ethiopian doma and Kenyan jembe are made to dig and stir the top soil and 
chop out weeds. With introduction of specialized crops, developmert of 
export markets and utilization of animal and engine power, the dif ferences 
in tools become more significant, Ultimately, as farm p.actices become 
commercialized, market conditions dictate not only the type of tool and its 


power source but also its application and economic value. 


Tillage 


The main object of tillage is to assist the natural processes which 
create favorable soil conditions for the germination of seeds and growth 
of plants. In hotter climates the natural processes are more intensive and 
there is less need for heavy primary tillage. Hopfen states: 

« ee dn arid and semi-arid areas with a high average soil temper- 

ature and . . . with frequent dry winds, the need is to break the 

soil without inverting it in order to collect and store as much 
moisture as possible and to delay the natural decay of vegeta- 

tion. This is best done with breaking non-inversion or semi- 

turning types of plows . . . . Tropical rain-fed areas with a 

high average soil temperature and with a dense vegetative cover 


do not need much tillage, as the shade providing plants preserve 
natural tilth and moisture. 


Technical Factors and Constraints 


Hand Operations 


1) Tools and Practices 


The hand-operaced tools used for tillage in Equatorial Africa are 


mainly huoc, spades and shovels. All are universal tools with different size: 





“Hopfen, op. Cit., pp. 35-36. 
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and shapes according to specific purpose, prevailing soil conditions, 
locally available materials and local customs. (Figure 3.1.) Definite 
preferences for specific tools for primary tillage exist within different 
regions. The spade is used in the Middle East, the digging hoe in Tropical 
Africa and the Far East, and digging hooks and picks in West Africa. Special 
tools have evolved in certain areas, like the long-handled double-prong 
spade in Ethiopia, the short-handled ridging shovel in Nigeria and the long- 
handle hand plow in Senegal. Similar hand tools are used for seedbed 
preparation as are used for primary tillage except that the blades may be 
wider and forked hoes also may be used. For light work, forked hoes should 


have at least four tínes. 
2) Power Required 


In most countries, heavy tillage operations are carried out by men 
working singly with individual tools. In some countries, spading is done 
in teams as in Ethiopia. In some parts of Asia and northern Africa, two 
men operate a special shovel to prepare ridges and furrows and levees for 
irrigated crops; one man pushes and controls the long-handled shovel while 
a second man guides the blade with a rope. 

A man normally works at a rate of 7 to 10 kg./sec., varying 

from 5 kg. at 1.1 m./sec. with a crankshaft, to 64 kg. at 0.15 

m./sec., when treading with his own weight on a water ladder. 

During continuous work, he produces about . . . O.l h.p. For short 


periods he can develop 0.4 h.p. The average force a man can exert 
is equal to about one-tenth of his own weight. 


Also, as emphasized by Hopfen: 


Working with the spade is very strenuous. The digging depth 

with iong-landled spades and a foot rest is between 25 and 35 cm. 

sex « The working depth of short-handled spades is generally 22cm. 

At that depth a man can dig about 20 m.2 of medium arable soil per 

hour lifting approximately 44 cubic meters or roughly 80 q. of 

earth [or about nine tons]. 

The digging hoe is a universal implement serving for ridging, surface 
cultivation and weeding. The steel blade usually has a socket or a hole for 
a sturdy wooden handle, with an angle from 45 to 90? between the working 
part and handle. Blades cf digging hoes vary considerably according to the 
users! strength, local customs and soil conditions. Sizes are small for 


women and children and larger for men; shapes and weiglits are long, narrow 


Ibid. , p. 4. 
lbid., p. 40. 
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Figure 3.1 


Northern Ghana: Hoe used in upland farming More than 90 
percent of farming in Equatorial Africa is done with the 
short-handled hoe, similar to this one being used near 
Tamale. A more efficient source of farm power is an essen- 
tial factor in increasing agricultural productivity. While 
there are many variations in method of attachment and style, 
shape and size of blade and handle, there is . remarkable 


similarity in indigenous small hand tools across Equatorial 
Africa, (AFR-523) 
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and heavy for compact soils and short, wide and light for light soils. Short 
handles are common but long handles are not unusual. 

Capacities of digging hoes depend on sofl hardness, moisture content, 
vegetation, climate, temperature, health, sizt and condition of the indi- 
viiual and the type and depth of tillage. Digging ta 25 cm. depth may 
take as much as 500 man-hours per hectare. 


3) Time Required 


For heavy spading in compacted soils to depth of 20 to 25 cm. at 20 m.” 


per hour, it would take one man five hours to dig up 100 m. A normal work 
day in many parts of Equatorial Africa is about five hours long. At tv. 
nate of work, it would take one man 100 days or 500 hours to Spade one 
hectare.’ This illustrates the severe Limitation ot hand Labor and explains 
why most land 44 hand-workea by community teams. A five-man team can 
prepare one hectare in 20 days. 

Primary tillage with digging hoes procecds at a taster pace because 
depth is limited to 10 to 15 cm. and the soil is not turned but simply 
rolled back with quick short strokes. If it took 300 hours to till one 
hectare by hand, it would take 50 man-days based on a six hour day. 

(Figure 3.2.) 

Seedbed preparation may include digging or making holes for plants or 
seeds, In soft sedimentary soils of southwest Ethiopia, a 4£0W farmer spends 
eight days to dig sorghum holes on an average field of 0.7 hectares, while 
a fast farmer takes only three days. The average farmer spends about five 
and one-half days or approximately eight days per hectare. 


4) Skill and Management Required 


Farmers become skilled in handling simple soil working tools. Perse- 
verance, good health, and a large labor supply are needed to farm entirely 
by hand. In areas with distinct wet and dry periods, tiklage time is very 
Limited; the amount of land a family can fanm depends on how much they can 
Lill by the optimum planting dates. Timeliness in completing the basic Land 
preparation before planting usually is very critical. 

In Nigeria, the most critical problem for owners is land preparation, 


while for non-owners, with only annual crops, the bottlen -. is weeding. 
5) Costs Involved 


Wage rates vary considerably in Equatorial Africa between and within 


countries. Rates are high near larger cities and for heavy, hard work; and 





7 4 
Ibid. 
Suarren Stetler, Agricultural Engineer, University of Ife, Ile-Ife, 
Western Nigeria, Personal Communication, 8 November 1968. 


2-169 


Path ^i. 


exi Mos 
Le. gu 








Figure 3.2 Southern Ghana: Hoe used for tillage and weeding  Contrasted 





to Figure 3.1 this blade uses a perpendicular eye socket per- 
mitting a straight handle to be inserted from the back to 
facilitate tightening, while the other uses an eye socket 
parallel to the blade requiring a right-angled or curved 
handle.  (AFR-506) 








Figure 3.3 Ethiopia, Koka Dam (east central highlands): Mateska plow 
and yoke Plows are made of local materials except for the 
metal point and O-ring strap used to brace the point. This 
and type soil-breaking tool has distinct advantages in arid 
and semi-arid regions for moisture and soil conservation. 

In humid tropical regions with heavy soils it is also favored 


because of its lighter draft and fewer scouring problems. 
(AFR-236) 
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generally low in remote rural areas and for light, easy tasks. Actual wages 
paid for hand labor are given in Table III. 1, for a standard government 
workday of eight hours. 


Animal Operations 


1) Tools and Practices 


There are two basic types of plows for primary tíllage, the symmetric 
breaking-type and the asymmetric moldboard turníng-type. 


a) Breaking-plows The breaking-plow or atid is the common tillage 
implement used in areas where soil temperature is high during the main growing 
season. Beam, body and handle are commonly made of wood, and the share of 
iron. It produces a slightly ridged tilth, does not invert the soil, and 
leaves dead vegetation on the surface of the tilled ground. It has either 
a breaking-and-digging or a breaking-and-cutting action, 

Two basically different types of ards can be traced back to the dawn 
of animal-powered agriculturz. history 2? The beam ard usually has a curved 
beam originally pierced by a spear-like body-handle unit. This plow later 
developed into a separate body with the handle attached to the beam, 

(The present-day Ethiopian plow is a good example of the ancient beam ard, 
Figure 3.3.) The body ard has an upward-inclined body tapering ínto a 
handle, and is pierced by the beam which makes it sturdier and heavier for 
deep tillage. The Egyptian, Afghanistan, Turkish and Indian plows are typical 
body ards. 

The working part of the and originally was carved from hard wood, later 
developing into an iron or steel share. This share exists in two basic 
forms: a socket share, (like the Ethiopian plow) which is slipped over the 
nose of the plow-body, and a tang share which fits into a groove where it 
is held by a clamp on the wooden body. The tang share is normally used in 
dry, stony soils; the socket share is generally used for other soils found 
in the wetter rain-fed areas of Equatorial Africa with heavier, sticky 
clay and loam bases, 

The present beam ard and other ards generally have one handle. 
Prehistoric art shows the first beam ards used by the Sumerians and the 
early Egyptians had two handles and sometimes also a seed-tube. The present 


Arabian-type plow used in Eritrea in northern Ethiopia is equipred with one 





These are actual wage payments for hired labor as recorded by the cited 
Sources. No attempt has been made to put these wage rates on a comparable 
basis in terms of work capacities of a labor unit, or in terms of labor 
productivi'.y. 


105 4d. a Pp. 44-47, 
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TABLE III. 1 COMPARATIVE COSTS OF UNSKILLED AND SKILLED LABOR IN SELECTED 
AFRICAN COUNTRIES 





















Semi-skilled machine 
operator cost 


per da 
dollars 


Tractor 
operator cost 






Hand labor cost 
per da 
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Northeast 
Nigeria? 





0.56 0.72 
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0. 80 0.93-1.87 






Southern 
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Ghana 







Ghana“ 1.28 
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Ivory Coast 2.04" 











Kenyab 1.20-1.50 





Ethiopia, 
















Lowlands 1.33 
Ethiopia 

Highlands? 0.80 
Ethiopia 

Commercial 

Operations 2.94-3.33k 2.00-2.13 


"pus Shamhaugh, Machinery Advisor, USAID, Maiduguri, Nigeria. 
93. Hewitt, Manager Britisi East and West Africa Company (MF), Apapa, Nigeria. 


ET Hollingshead, United Africa Company (Caterpillar), Lagos, Nigeria. 
d 


A.K. Sokeh, Mechanical Superintendent, Ministry of Agriculture, Amasaman, 
Ghana. 

e J.B. Kore, Crops Research Institute, Kumasi, Ghana. 

f». Leventhal, Director of Works, Mctoragri, Abidjan, Ivory Coast. 


BC.M. Downing, Mechanization Speciaiist, Ministry of Agriculture, Nairobi, 
Kenya. 


he iz, Moczarski, Rural Institutions Extension Specialist, FAO, Awash Valley 
Authority, Addis Ababa, Ethiopia. 


1solomon Bellete, Agricultural Economist, Institute Agricultural Research, 
Holetta, Ethiopía. 


Jy, Harley, Machinery Manager, Tendaho Plantations Share Company, Dubte, 
Ethiopia. 


ege mechanics. 
1 
Crawler-tractor mechanics. 


m 
Crawler-tractor operators, 


2-172 


handle and a seed-tube, as are the plows used in the middle Awash Valley where 


maize has been grown for centuries, !! 


b) Moldboard Plows The Western moldboard plow is perhaps a more 

efficient destroyer of weeds than any other cultivation implement but it 
has a heavier draft than digging- and breaking-a4d5. The moldboard action 
is different from breaking ards as the share cuts loose a rectangular 
block of soil and the moldboard turns the slice into the previous furrow. 
To offset the side-thrust, the landside takes the horizontal pressure on 
the furrow-vall and the sole the downward pressure of the implement on 
the furrow bottom, The weight and sliding action of the plow in heavy 
soils tends to create an impermeable layer or plowpan on the furrow bottom. 
This is undesirable in all but purposely-puddled irrigated lowland fields. 

The moldboard plow is commonly found in Southeast Asia where it is used 
in rice and general crop production.” Some use is made of them in eastern 
Africa, extensive use in South Africa but only limited application in western 


Africa. (Figure 3.4.) 


c) Ridging Plows Ridging plows are used extensively in both 
western and eastern Africa, south of the Sahara, for groundnut and cotton 
production. 

In Nigeria and Ghana, the Ransome Emcot Model S-30 is currently most 
widely distributed. It superceded the first Ransome DY ridging plow used 
from about 1933 to 1962. These plows are both heavy and robust, and small 
oxen common throughout Equatorial Africa have trouble pulling them. Farmers 
in western Africa, unlike those in Kenya and Tanzania, have never made use 
of multiple pairs (4, 6 or 8) of oxen hitched in tandem to a plow. There 
has been a demand for a light-weight ridger that could be handled by a pair 
of small oxen; one developed by the Christian Service Committee in northeast 
Ghana has been well-received by farmers. 

The Ransome Emcot 5-30 ridger has a curved forged-beam, a large adjus- 
table lister-body, double handles, a depth-control wheel in front and chain 
pull. (Figure 3.5.) It also features a rear control-rudder extending below 
the heel some 20 cm. It differs from the old Ransome DY ridger in the shape 
of the beam and hendles and larger adjustable moldboards and wings. The 
S-30 ridger weighing 49 kg. is especially designed to build 90 cm. ridges and 
gradually hill-up root-crops to a depth of 30 cm. In sandy soils the wear 


is severe, requiring a new share and shin about every 6 hectares and a new 


1s 2. Moczarski, Rural Institutions, Extension Specialist, FAO, Awash 
Valley Authority, Addis Ababa, Ethiopia, Personal Communication, February, 
1969. 


lyopfen, Op. Cit., p. 54. 
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Figure 3.4 Canadian plow owned by an animal-powered farmer in Tanzania 





This man had been using tractors, but has now returned to ox 
power.  (AFR-129) 
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Figure 3.5 Emcot ridger widely used in northern Nigeria and Ghana There 
are over 60,000 of these units in Nigeria. It is the most 
common animal-drawn tool owned or used by animal-powered 
farmers in English-speaking western Africa.  (AFR-334) 
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moldboard every 12 to 18 hectares. 13 


Thousands of Emcot Ridgers were imported from England until 1966 and, 
as pointed out by Haynes, "it is the only implement owned by most mixed 


14 In 1966, John Holt Bartholemew set up a small implement factory 


farmers. 
in Zaria, northern Nigeria, called John Holt Agricultural Engineers, Ltd. 

In the first year 4,000 units were manufactured and currently 8,000 to 

10,000 plows are being produced per year, or 20 to 33 percent below maxi- 

mum capacity. The entire plow including the moldboards and 90% of the parts, 
is made in Nigeria except for tne bolts, shares and two or three castings. 
Exported to Ghana, Mali, Togo, Dahomey and the Congo, a single plow whole- 
sales for $56.00 from factory, and for $53.20 in lots of 25 or more. Plows 
are sold to the Nigerian Native Authorities and to small dealers for $58.00 
to $61.60. 

In Ghana, the John Holt Ford-distributor wholesales them for $57.80 to 
the Farmers Cooperatives who sell them at the same list price. Parts are 
stocked by John Holt dealers, stores, and Farmers Cooperatives,i? 

The town of Mubi in northeast Nigeria sold 147 plows in 1968 , 
disassembled in case lots of ten, for $54.60 each plus transportation cost. 
Prices differ depending on the location and demand. The official Nigerian 
Native Authority plow price was $67.20, but the going market price ranged 
from $70.20 to $78.40.1Ó 

A factory in Kano, Northern Nigeria, makes CFAO Ridging Plows. 

Although little information is available, it is reported that 20,000 plows 
have been sold. The price has been $46.20, but the Nigerian Native Authority 
is now subsidizing the plow so that the cost to farmers is oniy $28.00. 

A lightweight ox-plow Was designed for northern Ghana by Egbert 
Dykstra, a Dutch engineer in 1966 at the request of Karel Rigter, agri- 
cultural missionary with the Christian Service Committee at Garu. After 
preliminary testing, 40 models were sold to interested farmers. The plow 


has gone through several modi fications. !? The original model had an 


13 T hn Whitney. Formerly Research Assistant, Consortium for the Study of 
Nigerian Rural Development, Kano, Northern Nigeria, Personal Communication, 
November, 1968, 


My aM. Haynes, Ox-drawn Implements, Papers on Agricultural Engineering 
in Northern Nigeria (Kaduna, Nigeria:  Ahmadu Bello University, Institute 
for Agricultural Research and Ministry of Agriculture, 1964), p. L. 


151, Turner, Factory Manager, ‘ohn Holt Agricultural Engineers, Ltd., 
Zaria, Northern Nigeria, Personal Communication, November, 1968. 


16 initney, op. t.. 
Line, 


1BKarel Rigter, Christian Service Committee, Garu, Ghana, Personal 
Communication, November, 1968. 
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adjustable hitch for overcoming side draft, but since the farmers always 
used the center hole it was simplified to a single center hook. (Figure 3.6.) 
The original skid standard wore rapidly in the sandy soils and was 
replaced by an adjustable standard with a sealed grease-packed roller- 
bearing wheel as the original adjustable-wing moldboards were always used 
in one position to make a standard-width furrow 50 cm. wide, the final 
prototype was designed vith fixed vings and with each moldboard made of 
one piece rather than two. The share was strengthened and attached with 
flush bolts; the handles made adjustable for height; and the gauge wheel 
and ridging element secured with strong hand-twist Lolts to permit quick 
adjustment and easy tightening. 

These improved ridging plows represent the second group of agricultural 
implements introduced by CSC into northeast Ghana. The first order of 40 
production models was quickly sold to interested farmers early in 1967. 

The present unit is made of simple, straight, bent or bolted pieces which 
can be made and assembled by a local artisan or blacksmith. It can be 
shipped and stocked disassembled. (Figure 3.7.) If the plow could be 
made locally with semi-skilled labor from standard materials, a further 
reduction of 25 percent of its imported price might be possible. Sales 
to August 9, 1968 are shown in Table III. 2, along with prices of com- 
ponents. Farmers paid cash for the plows; no credit was given. 

The CSC is now developing attachments for insertion into the basic 
frame in place of the ridging element, such as a groundnut lifter, 
fertilizer placer, weeder, cultivator, and moldboard plow. The greatest 
maintenance problem has proven to be lubrication of the wheel bearings. 

The CSC did not promote the second order of ridging plows because they 
wanted farmers with more powerful oxen to buy the heavier and more expen- 
sive Emcot Ridger available through the Bawku Co-op Farmers' Union for 
about $59.09,1? 

The MPLOS Ridging Plow, manufactured by John Darbyshire and Company, 
Ltd., Somercotes, Derbyshire, England, is finely finished and appears 
designed for good service and long life. Farmers find it easy to control; 
and it can be pulled by one or two animals. Two types of ridging bodies 
are available: a larger model with a 35 cm. share and moldboards which 
expand from 30 to 75 cm. wide; cnc a smaller unit with a 30 cm. share, 
moldboards and shins 5 cm. lower, adjustable from 25 to 60 cm. in width, 
Wings can be added if desired and both bodies make a ridge with a wide 
base and round top. The ridger has a channel-steel hook-shaped frame, 
adjustable head wheel and hitch point, and replaceable heel and shin pieces. 


?rbid. 
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Figure 3.6 Garu, Upper Region, Ghana: The production model of a simple, 


Figure 3.7 


light-weight, low-draft, all-steel ridging plow The complete 


plow shows its relative size to an average size Ghanaian. 

The gauge wheel, plow standard and handles are adjustable for 
different sizes of men and oxen. To November 1968. 51 plows 
have been sold to small farmers by the Christian Service 
Committee (CSC). The plow components are made in Holland and 
shipped disassembled to Ghana. The CSC plans to furnish 
attachments for groundnut lifting, cultivating, and fertilizer 
sidedressing.  (AFR-239) 





Garu, Upper Region, Ghana:  Dutch-built CSC ridging plow 
This disassembled view shows the bottom of the frog and the 
moldboard assembly. The completed plow is sold slightly 
below cost ($38.00) co farmers. (AFR-242) 
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TABLE III, 2 SALES AND PRICES OF CHRISTIAN SERVICE COMMITTEE 
RIDGING PLOWS AND PARTS: GHANA? 


Item quantit to date Price 
Complete plow 
Wheel and fork assembly 
Wheel, bearing and grease caps assembly 
-Axle plus split pins 
-Bearings 
-Grease seals (two) 
-Split pins 
Element complete assembly 
-Point (small) 
-Bolts and nuts 


Chain 
Spanner 





“Sales from June 1 to August 9, 1968. The first group cf 40 complete plows 
designed by Egbert Dykstra was sold in 1967/68. 


This chain-pulled ridger is recommended for use when the ground has not been 
destumped as it is easily maneuvered around obstacles. 

d) New Types of Moldboard Plows During Study Team travels, a 
limited number of improved animal-drawn turning plows were seen being tested, 
distributed and usec in eastern Africa. In central, northern and southern 
Tanzania, in central, eastern and northern Kenya and in central Ethiopia 
there is considerable interest in moldboard plows. The Tanzania Agri- 
cultural Machinery Testing Unit (TAMTU), near Arusha, has tesced a number 
of plows and other implements and given them to farmers to use under typical 
farm conditions ER TAMTU is also working on a modified design of a wheel- 
carried, single-furrow, self-guiding moldboard plow that can be manufactured 
locally, A number of prototypes have been built and the latest model looks 
promising. Currently available to farmers are several German and Indian 
plows that have been introduced to take the place of the now-banned but 
very successful SAFIM plow, still made in South Africa. ?l The Kenya 
Agricultural Machinery Unit (KAMU) and the Chilalo Agricultural Development 
Unit (CADU) in Ethiopia are likewise testing and promoting the use of 
improved moldboard plows. 

The Gallon plow made by Efka Klausing, West Germany, is a light-weight, 


chain-pull, two-wheel plow that requires two oxen under good moisture 





“OMinistry of Agriculture, Forestry and Wildlife of Tanzania, Test 
Reports Nos. 4/62/63; 5/62/63; 6/62/63; 2/65/66; 3/66/67; 4/66/67, (Tergeru, 
Arusha, Tanzanía: Northern Research Center, Tanzania Agricultural Machi- 
nery Testing Unit (TAMTU]). 


South African Farm Implement Manufacturers, Ltd., Vereeniging, 
South Africa, associated with Massey Ferguson Ltd., Toronto. 
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conditions in light to medium clay soils, and four oxen on heavier soils 
or under dry, hard conditions. It cuts a furrow 25 cm. wide, 12 to 15 cm. 
deep and does a good job of covering trash and fairly heavy vegetation. One 
of its principal features is self-guidance, with the furrow wheel acting 
as a steering guide. It was observed in use with four medium-sized oxen 
in tandem pairs moving at a brisk walk. Two operators controlled the 
plow and the teams with whip and voice. The interviewed farmer was very 
pleased with the plow's performance and ease of use. (Figure 3.8.) He 
had previously used a tractor for four years but has gone back to animal 
power because he could not afford to pay the high operating charges and 
loan cost of the tractor. 

The same basic design !« a'ailable in a two-furrow model with steel 
frame, land and furrow wheels. ^^ Its twin moldboards cut a path 58 cm. 
wide and require at least four large oxen to pull it and under difficult 
conditions would undoubtedly need six or more. It is also reported by 
the farmer as easy to use as a self-guiding plow. 

The single-furrow Cockade I plow, manufactured by P. Mohlhoff, West 
Germany, carries a low price of $16 in Tanzania. It cuts a furrow 12 to 
20 cm. wide and plows to a depth of 6 to 18 cm. For an all-steel plow, it 
is light, weighing only 34 kg. The main beam of 10 kg. channel-section 
steel is equipped with an 18 cm. steel gauge wheel, a 1.5 kg. solid forged 
steel share, and 3.2 kg. steel moldboard. A knife coulter is also available. 

Either a fixed or adjustable ridger body can be attached to the 
beam in place of the plow body. The Cockade 85 body makes 90 cm. ridges, 
and the Model 86 adjusts for 30 to 90 cm. ridges. The former, costing only 
$10, makes an inexpensive dual-purpose implement for the cash-short farmér. 
The Cockade ox-plows are currently being imported into Tanzania in large 
quantities.”” 

The Cossul steel plow made by Cossul 6 Company Pvt. Ltd., Kanpur, 
India, appears identical in design to the Cockade I above, with slightly 
different specifications. The furrow has a width of 23 cm., a maximum 
depth of 15 cm., weighs 38 kg. and sells for $14. Share, breast, and 
landside are forged steel bolted to a pressed-steel bottom. Depth can be 
adjusted by raising or lowering the head wheel, by shifting the vertical 
hitch or plow clevis, or by adjusting the length of chain hitched to the 
plow. The ridger attachment, patterned after the Emcot with wing 


22 inistry of Agriculture and Cooperatives, Availability of Ox-draun 
Equipment, Ref. No. P/Q (mimeographed) (Dar es Salaam, Tanzania: 
September, 1968), p. 3. 


231 bid, , p. 3. 
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Figure 3.8 Arusha, Tanzania: Improved moldboard plow and four oxen 
The Tanzanian Agricultural Machinery Testing Unit has 
loaned this improved self-guiding German plow to a co- 
operative farmer. Note guide wheels and chain in place 
of tongue.  (AFR-128) 
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Figure 3.9 Improved Far East (Indian type) steel moldboard plow This 


plow is extremely simple n design and can be locally pro- 
duced by trained blacksmiths, While very light-weight it 
is sturdy and maneuverable. The single handle fits the 
traditional method of whip and voice contrel and leaves one 
hand free for directional guidance of both oxen and imple- 
ment. (AFR-465) 
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attachments for making 90 cm. ridges, is more expensive at $22.00. 

The Cossul ox-plows are currently imported into Tanzania in large 
quantities and available throughout the country. Credit for the purchase 
of ox-drawn equipment by co-operative unions and individual farmers is 
available through the National Development Credit Authority (NDCA) . ^^ 

The improved Far East moldboard plow, an improved simplified all-steel 
moldboard plow with wooden beam developed in India and Pakistan, is being 
tested in Ethiopia by CADU. Designed for small oxen it has only one 
handle allowing the other hand to be used for animal controli., In preli- 
minary tests it performed very satisfactorily. It can either be imported 
or fabricated locally at very reasonable cost. (Figure 3.9.) 

VITA improved village plow was developed in Afghanistan by fleld staff 
members of Volunteers International "echnical Assistance (VITA). A large 
number of native plows were studied and the best features of each combined 
into this improved simplified version called the village plow. It was 
brought into eastern Africa by VITA volunteers and currently is being 
evaluated in Ethiopia by CADU. It performed well in preliminary tests. 
(Figure 3.10.) 


e) New Types of Multi-Purpose Tools and Toolbars In both eastern 
and western Africa, a number of improved multi-purpose tools have been tested, 


demonstrated, and recommended to farmers. The greatest disadvantage is the 
relatively high price characterized by present low volume production. 
Farmers everywhere Like then, and would purchase these tools if credit were 
available and if they were able to increase production efficiency enough 
to want the extra cost. Both the French and the English have pioneered 
work on animal-drawn toolbars, with the National Institute of Agricultural 
Engineering (NIAE) in Silsoe, England taking the lead in early development 
in the United Kingdom, and the Mouzon Frères Société, Seine-et-Oise, Paris, 
pioneering work in France. In general, the approach has been to meet the 
farmers' needs at lowest cost with a skid-mounted animal-operated tool 
which can be used for all basic field work with primary emphasis on tillage 
and cultivation. A more versatile and sophisticated toolbar is mounted 
on rubber tires which makes it usable for transport and cart work on any 
surface. 

NIAE animal-drawn toolbar was tested in Nigeria and East Africa by 
agricultural research institutes and by agricultural machinery testing 
units. Patent rights have been granted to two firms to produce it. ne 


firm in England is now manufacturing it in quantity and placing emphasis 





2 tbid, p. 1. 


2-181 


Figure 3.10 






Figure 3.11 





Improved Middle East village plow This moldboard plow was 
designed by field staff members of Volunteers International 
Technical Ass'-tance (VITA) from the best features of a 
nunber of Afgianistan native plows. This sample was brought 
into Ethiopia fc. trial by the Chilalo Agricultural Develop- 
ment Unit (CADU).  (AFR-435) 
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NIAE (British-designed) all-purpose animal-drawn toolbar 


The National Institute of Agricultural Engineering has 
pioneered work on multi-purpose animal draft implements and 
tools for developing countries. The unit comes in both low 
and high arch designs and features a removable box or plat- 
fom for hauling as well as attachments for multiple patal- 
lei-row planting, cultivating and spraying. (Photo 
courtesy of T.J. Willcocks, NIAE, Silsoe, England) 
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on overseas promotion having already supplied 2,000 units. Gambia has 
approved it for use in their program of improved farming with ox-drawn 
equipment. A high-arch version also nas been developed for use in eastern 
and central Africa. ^? (Figure 3.11.) 

an Kenya, Cooper used the NIAE prototype toolbar fitted with a 
victory-type plow to break and turn difficult pasture land. "In addition 
to plowing, this toolbar can be fitted with attachments for seedbed prep- 
aration, tie-ridging, inter-row cultivations and transport purposes. In 
all operations, the ox driver may be seated on the implement: S 

APLOS animal-drawn toolbar, based on the NIAE design, is manufactured 
by John Darbyshire and Co, Ltd., England. The implements are well finished 
and come ir. several models. Table III. 3 lists attachments and factory prices 
for the three current models, Mark II, Mark III and Mark IV. The toolbar 
is designed to be pulled by two oxen, and to permit the operator to walk or 
ride as work permits. The basic unit consists of an all-steel tubular 
frame with a hand-activated lift-type toolbar on which various attach- 
ments can be mounted or fastened. A rigid tongue of wood is attached to 
the animals' neck yoke to permit positive control of all implements, with 
well-trained oxen. The whole unit is supported by standard-sized automotive- 
type wheels, bearings and tires. 

The basic toolbar consists of a main frame with wheels, four tool 
clamps, two cart brackets and a combined box spanner and tommy bar. For 
complete versatility in plowing, hoeing, seeding, weeding, groundnut 
lifting and transportation, the following attachments can be fitted to 
the basic toolbar: a steerable toolbar, a pony moldboard plow, a ridger, 
four 13 and 25 cm. center slares, a seeder, a groundnut lifter and four 
sprirg tines for weeding. By putting the toolbar in the in-work position, 

a locally made cart platform can be mounted on the cart brackets and tongue. 

The Mark IV, designed recently for the western African countries, has 
a very simple, straight lift mechanism operated from the rear. It was 
developed specially for all countries where animals are smaller and have 
insufficient strength to pull against excessive trash which may accumulate 
ahead of the soil working parts. With this mechanism the farmer operating 
the unit can, with slight effort, partially raise the coil-spring-assisted 
rear position of the toolbar. This will bring the cultivating implement 


255. J. Willcocks, AÁnima£-D^aw Toolbar, ADT, Overseas Liaison Unit, 
Technical Bulletin*No. 2, (Silsoe, Bedfordshire, Englana: National 
Institute of Agricultural Engineering, January, 1969), p. 2. 


26s W, Cooper, "Mechanization on Small-scale Farms and Ox-drawn 
Implements, Part I", Kenya Coffee, Vol. XXXI No. 368, April, 1966, p. l. 
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‘ABLE IIT. 3 APLOS ANIMAL-DRAWN TOOLBAR 3 ATTACHMENTS AND PRICES 1968 


Attachment Mark II Mark III Mark IV 


Rear or 
Main frame assembly with clam) forward control 
plate and angle and side lint $91.00 $94.00 $91.00 





Cart brackets set with bolts 6.65 4.89 
Ridger assembly 15.29 15.29 
Plow-stalk and ridger-stalk stay 2.88 2.49 
Tool clamps set 9.84 9.84 
Steerable toolbar assembly 11.90 
Tommy bar 0. 76 
Tool stalk set 7.96 
Points set 1.50 

13-cm. share set 1.68 

25-cm. shares set 2.88 
Bolt for points or shares set 0.84 
Pony plow assembly 
Groundnut lifter assembly 


Canadian spring-tine assembly 


Total Price (FOB factory) $188.00 $183.00 


“John Darbyshire 6 Co. Ltd., 20 Nottingham Road, Somercotes, Derbyshire, 
England. 


2-184 


out of the ground, quickly clearing the trash and enabling the animals 
to move ahead. 

This feature is very useful, when the ground has not been destumped 
and where the cultivation point has to be continuously raised out of the 
ground to avoid striking or hanging-up on obstacles. To permit the operator 
to remain seated, the machine is also equipped with a forward-control lever. ^? 

Ariana ox-drawn toolframe is a mulii-purpose generally wheelless 
toolframe, sold in western Africa and in East Africa, manufactured in 
Kenya by Heat Exchangers Ltd., P.O. Bo: 3070, Nairobi, Kenya. Originally 
developed by Jean Nolle, now affiliated with Mouzon Manufacturers, it 
is supplied to western Africa from France, ^9 

The basic system sold in Africa consists of the main frame with skids: 
a reversible two-way, single-furrow moldboard plow; a set of three spring- 
cultivation tines; and duck-foot hoes, With this unit, all basic primary 
and secondary tillage and weeding operations can be performed. Ridger bodies 
and a steerable toolbar also are available. Approximate prices in western 
Africa are $193.00 for the basic system, $12.00 for the ridger body, and 
$39.00 for the toolbar. Tool prices for eastern Africa are glven in 
Table III. 4. 

As produced in Kenya, the main frame includes the chassis, two handles, 
two steel gauge wheels or two front skids and clamps, regulators and 
chain and a pulling chain. The frame is made of heavy, rectangular steel 
bars with a V-shaped nose. Hitch point, front-mounted skids and rear- 
mounted handles are adjustable for height. (Figure 3.12.) 

À wide range of tool attachments, some described below, are available 
for the Ariana; they are also interchangeable with the French-made 
Tropiculteur and older Polyculteur wheel-type toolbars. All attachments 
clamp across the back of the rear-frame member except for the two-row 
seeder which clamps onto the side-frame. The clamps feature an eye-bolt 
tiphtener which can be turned with a short round iron bar. In addition, 
other tools are available such as disk seeder, leveler, roller, fertilizer 
distributor, and broadcast seeder. Technically, this is one of the best 
multipurpose animal tools, reasonably priced and widely distributed in 


Equatorial Africa; however sales to date are nominal. 


Ii. The Ariana Uganda-type plow is a fixed single-furrow heavy-duty 


2l instructor's Manual, Modern Farming with APLOS Machinery, (Somercotes, 
England: J. Darbyshire and Co., 1967). 


“lran Nolle, Ariana Indtruction Manual, (mimeographed) (Seine-et-Oise, 
Paris: Mouzon Freres Societe, constructeur, A. Luzarches, 1965). 
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TABLE III. 4 ARIANA OX-DRAWN TILLAGE AND CULTIVATING EQUIPMENT? 1968 


Ariana Ox-drawn Toolframe Price 
dollars 
Ariana Basic Unit 

Chassis 23.85 
Handles with nuts and bolts 6.86 per pair 

Regulator with bar and clips 4.86 

Regulator chain 6.86 
Skids (left and right) with pins 12.85 per pair 
Clamps and screws 2.B6 per pair 

Pulling chain 3.29 

Basic Set complete 61.00 


Ariana Tools (Interchangeable with Tropiculteur) 


Fixed Uganda plow, complete 38.60 
Reversible plow, holder and bodíes, complete 83.60 
Extension toolbar 13.72 
Long spring tine (less blade) 4.15 
Short spring tine (less blade) 2.57 
Duck-foot blade, with nuts and bolts 1.00 
Right, 1/2 duck-foot blede with nuts and bolts 1.29 
Left, 1/^ duck-foot blz.e with nuts and bolts 1.29 
Groundnut digger, body and blade 22,00 
Chisel plow, body and blade 22.00 
Spring-tooth harrow (107 cm.) 25.15 
Disk harrow 172.80 
Extra clamps 1.43 
Spanner 3.14 





“Price List No. 40 (1966) received from manufacturer, Heat Exchangers Ltd., 
Nairobi, Kenya, January 1968. All prices are approximate and FOB factory. 





turning plow. It cuts a 23 cm. furrow and will plow to a depth of 18 cm. 
Depth is controlled by adjusting the height of the skid legs and the hitch 


regulator. 


2. The Ariana reversible plow is a two-way single-furrow moldboard 
plow pivoting on a round beam. Individual right- and left-hand plow bodies, 
positioned about 809 apart, rotate and lock into vertical position to turn 
either a left- or a right-ha:d furrow. To turn at the end of fields, the 
plow and frame are lifted out of the ground by hand. 


3. The Ariana simple ridging plow uses a different standard than the 
chisel plow. The extension wings are adjustable and the implement can be 
hitched for straight traction for primary tillage or for offset ridging or 
reridging. It can be used with the groundnut lifter mounted on the front 
crossbar as a ridge splitter for combination splitting and reridging. 
(Figure 3.12.) 
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4. The Ariana chisel plow, a heavy-duty soil-profile ripper for 
tillage deeper than ordinary plowing, has a single-beam body and blade. The 
beam is equipped with a vertical body about 6 cm. wide and 30 cm. deep. 

It can be used to break plow hardpan or for trash mulch tillage of semi- 


arid lands subject to wind and water erosion. 


5. The Ariana cultivator tines are individual heavy-duty curved-spring 
tines welded to a square vertical bar and mounted with standard clamps like 
those used for attaching the front skids.  Replaceable cultivating and 
hoeing teeth are bolted to the bottom and include a regular duck-foot blade 
from 10 to 18 cm. vide and right- and left-hand duck-foot blades from 10 
to 14 cm. wide. Both a long and a short spring tine are available, When 
vegetation does not need to be turned under and soil tilth is good, these 
Spring tines can be used as a heavy-duty field cultivator for primary 


tillage, besides hoeing row crops. 


6. The Ariana extension toolbar allows extension of the working 
width of the tool frame, and permits double-row mounting and staggering of 
cultivator tínes, when clamped to the rear of the main frame. This 
extends the cultivating width from 68 cm. to 120 cm. and permits mounting 
five or six cultivating teeth instead of only three on the main frame. In 
heavier soils, or under difficult conditions and deep tillage, more power 
is needed; either two large oxen will be required or two tandem pairs. Ox 
farmers in Kenya and Tanzania commonly use more than two oxen for primary 


tillage. 


7. The Ariana spring-tooth harrow, a special seven-tooth spring harru« 
with a working width of 105 cm., is designed for secondary tillage, pul- 
verizing and leveling of the seedbed, and covering of broadcast seed. It 


uses the short spring tines without replaceable teeth. 


8. The Ariana groundnut digger, using the same beam and clamp attachment 
as the chisel plow, has a heavy-duty horizontal blade about 8 cm. wide and 
35 cm. long. The unit is used astraddle the row with the heam offset to 


one side. Penetration and control are very good. 


9. The Ariana disk harrow, a fixed-angle single-gang disk harrow, has 
three disks on each side throwing out, and a short spring tine for tilling 
the center. Equipped with 26 cm. disks it has a cutting width of 70 cm. 

A heavy tool and the most expensive attachment offered, it is probably one 
of the last tools the farmer would want unless he has a special need for it 


to prepare a nursery or truck garden seedbed . 


10. The Ariana two-row seeder, originally supplied as a two-row disk- 
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Figure 3.12 


Figure 3.13 








The Nolle (French-designed) Ariana skid-type multi-purpose 
ox-drawn toolframe pulled by chain tongue hitch This imple- 
ment is much less expensive than the wheel type units and 
the logical first step beyond the indigenous single-purpose 


plow to improved animal power. Ihe ridging body attachment 
is shown.  (AFR-138) 


Le Kan 


ARAM 


The Polyculteur (French-made) ox-drawn wheel-type toolbar 
A full tarrel of water is easily attached by raising the 
tongue to uk back end of barrel and lowering tongue to 
hook a front U-lat.h to the barrel rim. The imported 
wheel .ype multi-purpose toolbar costs over twice as 

much as the skid type or about $430.  (AFR-139) 
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type seeding unit, is patterned after the A. H. Engineering Co. seeder 

made in Soroti, Uganda. It may still be available, One disadvantage of 
the rolling-wheel seeder is its small capacity and variability in planting 
depending upon the amount of seed in the chamber. A weighted press-wheel 
firms the soil around the seed after planting. While no cost was given for 
the complete unit, the price of one basic A. H. Engineering Co. seeder 


unit for attachment to an ox-drawn toolbar is about $30,00. 


Polyculteur ox-drawn toolbar, like the NIAE model, is a tool carrier 
mounted on roller bearing rubber-tired wheels. While it is much more 
versatile and expensive, it uses the same tool attachments as the Ariana 
toolframe. The basíc unit, comprising the main frame, wheels, spring tine 
attachment and moldboard plow lists for approximately $300. A cart body 
is available to mount on the carrier for about $44, An extension toolbar 
with mechanical lift can be added to increase its capacity and utility. 

The Tropiculteur ox-drawn toolbar is one of the most sophisticated 
of the animal-drawn multi-purpose toolbars. This is an improved model 
of the Polyculteur modified to fit East African conditions, ^? The basic 
unit, including a hand lift, steerable toolbar and larger cart body, lists 
for about $643.00 at the factory. The tool attachments are similar to 
those used with the Ariana toolframe. Ic also features a Special built-in 
device to lift and carry a loaded 200-liter drum. (Figure 3.13.) It is 
recommended to African farmers by agricultural officials and over two 
hundred units have been sold in East Africa. 

The Moroccan multi-purpose toolbar, an animal-drawn toolbar on sled 
runners with interchangeable tools for primary and secondary tillage, 
and for seeding has been developed by the Agricultural Engineering Service 
of Morocco. Acceptance, sales, price and distribution are not known but 
its design could be used for improvement of tools in Equatorial Africa. 

Two multi-purpose tools were developed through an FAO project for 
Libyan small cultivators. The improved breaking plow incorporates an 
exchangeable plow share, weeding sweep, double moldboard and ridging body. 
A new multi-purpose cultivator for arid regions has detachable crossbars, 
tines, sweeps and ridging or hilling moldboards. It has possible use in 
arid equatorial reglons. 

The Arara ox-drawn multi-purpose cultivator is manufactured near Dakar, 


Senegal by the Societe Industrielle Sénégalaise de Constructions Mécaniques 


— — — —— — — 


a7 jean Nolle, Le Tropiculteur, Quner's Manual (Paris: Mouzon Tropiculteur, 
1965). 
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et de Matériels Agricoles (SISCOMA) under license from its French parent 
SE The unit comes in four versions for groundnut lifting, culti- 
vating, plowing and ridging. The basic frame consists of a heavy, 
rectangular, steel box-beam to which various components are bolted on the 
rear. On the beam front a square socket is welded into which slides the 
arm of the head wheel for depth adjustment. A five-position hitch plate 
for the pulling chain forms the front of che beam. Bolted on the rear 


is a welded V-shaped handle assembly which can be raised or lowered 10 cm. 


l. The groundnut lifter consists of a vertical shank of rolled 
steel fasten. y two bolts to the frame. Three different-sized wing 
lifters are available with widths of 20, 30 and 50 cm. Total weight of 
the lifter is 23 or 24 kg. 


2. The Arara Canadian hoe has three spring-tine blades with replaceable 
points of either shovel- or reversible-teeth design. The front tine is 
fixed, but a parallel-arm mechanism can be cranked forward to widen the 
horizontal distance between the two rear tines or backward to narrow 
the tilling width from 22 to 17 cm. The cultivating unit fastens to the 
beam with four bolts just behind center and its total weight is 35 kg. 


3. The Arara moldboard plow is designed for a pair of oxen. Three 
different furrow widths are available: 15, 20 and 25 cm. weighing 24, 
27 and 36 kg., respectively. The plow bodies are interchangeable and 
attach to the standard with two bolts. The one-piece share, moldboard and 
landside heel units are replaceable. A traction regulator adjusts each 


plow to overcome sidedraft and obtain correct line of draft. 


4, The Arara ridging plow comes in three models. Two models have 
fixed wings of 25 cm. and 35 cm., weighing 22 to 23 kg., respectively. 
The third model has vertically-adjustable wings to throw the soil wider 


or higher. It weighs 28 kg. and features a replaceable, reversible point. 


The Unibar ox-drawn toolbar, the latest entry in the multi-purpose 
animal-drawn implement line, is made by Project Equipment Ltd., Newton 
Toney, Salisbury,Wiltshire, England. Lt is being imported into both western 
and eastern Africa. The unit is the simplest and lightest type toolbar, 
inexpensive and sturdy. Some models have small wheels and an adjustable 
handle which tends to loosen. Due to its compact size, it can be used 
between rows in tall crops like maize, guinea corn and sorghum. Its 


Y-shaped main beam serves as a single-row cultivator, ridger and weeder 


en 





AC e 
C, ISCOMA, Multioulteuw Passe-Partout (license Arara). 
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to control yield-reducing weed growth in medium and light soil. Its 
development was aimed at bringing the benefits of mechanized cultivation 


to the small farmer at a price within hit means. ^! (Figure 3.14.) 


l. The Unibar cross-tying share features a cross-tying share 50 cm. 
wide designed to weed the furrows of ridged crops, while at the same time 
forming dams at intervals. The cross ties impound rain from occasional 
downpours until it soaks into the soil. One advantage of using oxen is 
that they can step over existing cross ties, and cultivation can continue 


even though some water may have collected. 


2, The Unibar ridge splitter was designed around the minimum tillage 
principle of splitting old ridges to prepare land for planting with the 
least man-hours and lowest cost. More than one pass may be required to 
open hard ridges but, in the last one, cross-tying can be done without an 
extra operation. For this system of ridge cultivation, only three attach- 
ments are required: a ridger body, a cross-tying share and the combi- 
nation hoe and groundnut lifter blades. The ridger has a replaceable 
point, and a vertically and horizontally adjustable moldboard. The ridger 
is equipped with a rudder for better control, and tail pieces can be 


added to the moldboards for wider furrowing. 


3. The Unibar moldboard plow is a 20 cm. single-furrow fixed plow 
used for farming on the flat. It features an adjustable moldboard which 
can be widened or narrowed to change the cut. For planting on the flat 
the attachments required are: moldboard plow, three- or five-tined culti- 


vator and hoe/groundnut blades. 


4, The Unibar cultivator and groundnut lifter uses the same offset 
blades in 20 and 25 cm. lengths for hoeing, weeding and groundnut lifting. 
They can be turned in or out from center to work over or between rows. 

A 20 cm. duck-foot share, 6 cm. cultivator points and 13 cm. grubber 
points in sets of three or five are also available for weeding, as well as 


a 30 tooth rotary cultivator and clod buster. 


5. The Unibar seeder is a one-row seeder for maize, sorghum, guinea 


corn and millet. It can be equipped with a separate fertilizer unit. 
Three different combinations are recommended in Tanzania: 


l. For farming on the flat the basic unit consists of the main frame, 


skids, cross shafts, cultivator points, rotary cultivator and 15 cm. 


M rho Unibar Antnal-draun Took Frame, (Project Equipment, Ltd., Newton 
Toney, Salisbury, Wiltshlre, England, 1967) 
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Figure 3.14 The Unibar (English-made) multi-purpose animal-drawn toolbar 
equipped with ridger attachment V-bars in rear are for 
attaching cultivator shovels or other attachments. Unlike 
most toolbars this tool is narrow enough to pass between rows 


of tall growing crops such as maize, millet and sorghum. 
(AFR-273) 
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Figure 3.15 Hoe Sine 7 (French-designed) small tool carrier with a 
roundnut lifter attached Two oxen are required to pull 
this tool manufactured by SISCOMA factory in Senegal. 
Various attachments are available for plowing, cultivating, 


furrowing, fertilizing, ridging, weeding and groundnut 
lifting.  (AFR-295) 
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moldboard plow. For planting, cultivating and weeding, the unit lists for 
about $64.00. A single-row seeder costs an additional $45 without fertilizer 
unit. 

2. For permanent ridge farming a basic set can do ridge splitting, 
weeding, cross-tying, cultivating and lifting groundnuts. The suggested 
system consists of the basic frame with wheels, skids, cross shafts, 

15 cm. plow body, ridger body, cross-tying and weeding share, cultivating 
points and groundnut lifting blades. The approximate price is $76.00. 

3. For both flat and ridge farming (including plowing, ridging, weeding, 
cross-tying, cultivating and groundnut lifting), the complete system 
consists of the basic frame, with wheels, skids, cross shafts, 15 cm. 
plow body, ridger body, cross-tying and weeding share, cultivating points 
and groundnut lifting blades. The approximate price is $109.00. 


The hoe Sine 7 is a multi-purpose tool built by SISCOMA under license 
from Mouzon Fréres, France and is designed for a small horse, donkey or 
ox. ^^ It has a much lighter beam than the Arara and greater versatility 
than the Occideatale hoe. The T-shaped frame is supported by a head wheel 
in front and is steered by double handles. The T-bar at the rear carries 
most of the attachments except for the front-center stendard for culti- 
vators and weeders mounted ahead of the handles on the ma:n frame. A 
variety of equipment can be attached, of which the Canadian hoe and 
groundnut lifter are the most popular. (Figure 3.15.) For prices of 
selected SISCOMA implements see Table III. 5. Available attachments are: 


1. A flat, wide, V-shaped attachment for shallow weeding and culti- 
vating in between narrow rows. 

2. A set of two fusrowing or listing bodies preceeded by a smaller flat 
V-sweep for weeding between the furrows. 

j. A Canadian-type hoe with three spring tines and replaceable 
points. Two 16 cm. duck-foot tines or reversible chisel teeth are 
spaced as desired on the T-bar and one in front center. 

4. A fertilizer distributor for use with the Canadian hoe before or 
after planting. A larger front wheel is used with a crank arm to operate 
the fertilizer agitator and feed mechanism. 

5. A set of three rigid cultivating-shanks with grass or duck-foot 
shovels designed for narrower, deeper penetration. 

6. A flexible spring-tooth finger weeder with two rows of teeth for 





327 hopicuLteux, la Houe Sine, Systeme No££e-bhenets Mouzon, General 
Catalog, Attachments, Scheme of utilization and instructions (París: 
Mouzon Tropiculteur, 1966). 
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TABLE III. 5 ANNUAL PRODUCTION AND PRICES OF SELECTED SISCOMA IMPLEMENTS? 


Price 
24:85" 


25.75 


Agricultural Equipment by Trade Name 


1963 









emoirs (seed drills) 





oues Occidentales (donkey or horse hoe) 






Houes Sine (small animal hoe) 30.00 







Souleveuses Arara (harvester) 34.55 






39.70 





Charrues (plows) 


103.80? 
b 


Charrettes Equines (horse carts) 










Charrettes Bovines (ox carts) 108 80 


Charrettes Asines (donkey carts) 90.409 









Souleveuses Firdor (harvester) 15.43 






Houes Ariana (Ariana hoe) 141.50 


b 












Cracker Colin (Colin nut cracker) 506.50 
Houes Saloum (Saloum hoe) 


Polyculteurs (polycultivator) 





Epandeur d'Engrais Irho (fertilizer spreader 


Moulins à Mil (millet g 


“Information supplied by M. Martinetti, Manager, SISCOMA Factory (26 July 1968). 


Dorice as of 1964265, 
CPrice as of 1966-67. 


1964 
18,000 


3,324 
1,008 
1,507 


178 


1965 
12,000 


6,003 
1,000 
800 
250 
230 


251 


Number Produced Annuailv 


1966 
13,230 


16,031 
2,827 
703 
947 


2,000 


1,468 


1967 
13,000 


17,353 
16,723 
600 
1,000 


3,000 


2,293 
13,850 


404 


1968 
15,702 


13,372 


1,001 


4,180 


early weeding of very small plants. 

7. A standard 15 cm. moldboard plow with replaceable landside and 
share, 

8. A standard 30 cm. fixed-wing ridging plow with replaceable point. 

3. A groundnut lifter with three different-sized symmetric winged 
blades 20, 30, or 35 cm. wide. 


Haynes makes the following comments in regard to the possible market 
in Nigerla for the Sine 7 hoe. 
The fertilizer distributor is extremely simple, consis- 
ting of an oscillating finger over a hole. Whilst the appli- 
cation rate could be reduced from 150 lb. [68 kg.) per acre by 
using a smaller hole, this might lead to blockages with the 
granular superphosphate used in North Nigeria. Further, this 
type of distributor must of necessity be inaccurate and it is 
possible that it will not prove satisfactory in areas where 


economic responses are only obtained from a narrow range of 
application rates. 


Without an extension campaign, the market for these hoes 

is probably small, say 30 - 40 per year, but they are compact 

and could be imported without difficulty. Even the improved 

front wheel bearing of the SISCOMA version, however, might 

prove unreliable in sandy soil and supplies of Spares and re~ 

placement hoe blades would have to be organized. 33 

The Occidentale hoe, a light-weight, simple tillage tool, was 
designed for use with one animal for weeding, cultivating, ripping and 
surface scalping. It adjusts easily and has interchangeable standards 
and shovels. Three teeth are used in all cases with one in front center 
and two in the rear adjustable from 35 to 83 cm. (Figure 3.i¢.) It 


may be used: 


l. For heavy tillage with 15 cm. duck-foot shovels, the maximum 
width is 50 cm; total weight is 16.7 kg. 

2. For regular cultivating with diamond teeth, the maximum width 
is 78 cm; total weight is 16.3 kg. 

3. For ripping, the maximum width with pointed shanks is 45 cm: 
tot l weight is 16.1 kg. 

4. For surface weeding with winged-center shovel and half right- 
and left-hand offset shovels, the maximum width is 83 cm: the weight 
is 16.5 kg. 


Haynes makes the following comaeuts on the Occidentale hoe: 


This hoe was recommended by CRA as superior to the 





33V. M. Haynes, Report on Visit to Senegal, Papers on Agricultural 
Engineering in Northern Nigeria (Samaru, Nigeria:  Ahmadu Bello University, 
Institute for Agricultural Research, 1964), p. 5. 
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Figure 3,16 Occidentale (French-designed) multi-pur ose animal-drawn hoe 
The implement's light weight permits it to be pulled by a 
single donkey, horse or ox. It Is versatile, relatively 


inexpensive and recommended by the Bambey Centre for Agro- 
nomic Research in Senegal.  (AFR-311) 





Figure 3.17 Tanzania: 


simple wood frame harrow can he easily fabricated from iron 
rods and timber.  Undersize holes in the frame per.it the 
peg tecth to le driven down to proper length as they wear 
off. It has skid blocks on the top so that it can be turned 
over for transport.  (AFR-541) 


Triangular spike-tooth harrow This rugged and 
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more-recently introduced Sine 7. It is lower than the Sine 7 
and might be more easily controlled on flat land but would be 
of no practical use at all on ridges. No other attachments 
(fertilizer box, ridger, etc.) are available for this single- 
purpose implement which costs about the same as the multi- 
purpose Sine 7. Unless it proves markedly superior on flat 
land, there would be little point in importing the Occidentale 
hoe in preference to the Sine 7. 


f) Field Cultivators and Harrows These single-purpose tools, 





whether locally-made or imported, are most suitable for purchase by an 
animal-powered farmer who already has a plow. The primary purpose 1s 
seedbed preparation, clod-breaking and leveling. On light soils and 
self-mulching vertisols they can be used without plowing. They can also 
broadcast seed, break up soil crusts, control weeds and acrate pastures. 

The Cossul spring-tooth harrow, being sold in Tauzania, is suitable 
for deep tillage work in ground with roots and stones. It can work to 
a depth of 12 to 15 cm. and tlie spring action loosens the sod for rapid 
aeration and drying. An angle iron frame on skids carries five to seven 
spring-tine teeth adjustable for depth. Power required is two oxen for 
a five- to seven-tine model selling for $26 to $29 and weighing 40 and 
57 kg., respectively. 

Hopfen further describes this tool: 

The teeth of this type of implement are made from spring 
3teel, flat on section and very curved. Attached to cross-bars 
they vibrate as they progress through the soil. The cross-bars 
can be rotated through a small angle with a lever and thereby 
the hítch, and consequently the penetrating depth, can be regu- 
lated. Each spring has a renewable working point [on better 
harrows]. 

The spike-tooth harrow, also sold in Tanzania, Kenya and Ethiopia, 
is a spike- or peg-tooth harrow. A multi-purpose tool, it can be used 
with two oxen for leveling after plowing, firming seedbeds, breaking 
lumps, covering seed and lightly breaking crusts for better germination 
in event of hard rains after sowing. Tooth angle is adjustable for 
penetration and runner pegs are used for transport. Three sizes are 
available with 18, 25 and 30 teeth, weighing 27, 33 and 51 kg. in turn. 
Prices in Tanzania are about $17.00, $25.00 and $34.00, respectively. 
Although one of the commonest implements for seedbed preparation in 
temperate zones, its use has not been promoted in Equatorial Africa. It 
could be locally-made with a horizontal wooden or iron frame with cross- 


beams to which rigid, straight or slightly-bent steel teeth or tines are 





3maynes, Report on a Visit to Senegal, pp. 5-6. 
J^lopfen, op. Cit., p. 66. 
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attached in a variety of ways. For smoothing tilled fields the implement 
is used upside-down with its teeth out of action. Hopfen cautions, 
"It is not very effective in arid zones where it tends to pulverize the 
soil too auch 

The local triangular spike-harrow, developed by the Tanzania 
Agricultural Machinery Testing Unit (TAMTU) after an Indian model, is 
a heavy wood-frame harrow, shaped like a triangle, using extra length 
metal rods driven through undersized holes. As they wear off, the rods 
are driven down to normal depth. The unit can be turned upside-down 
for transport on skid blocks. Construction is simple and any carpenter 
or craftsman can make one from simple drawings. The unit is 90 cm. on 
one side and 120 cm. on the other sides. Weight depends on size of wood 
frame but varies from 30 to 60 kg. Two oxen are required for power. 
(Figure 3.17.) Price is variable but should not exceed $15. 

Many different versions of linked, loose-jointed harrows are made 
in various countries. Factory-made metal units are made with steel 
rods hooked together in links, They tend to flex with the ground surface 
and do less leveling than a rigid harrow. They are used generally for 
very light tillage, early weeding, seed covering and sometimes for 
spreading manure. Longer teeth on one side give two working depths. 
A simple wood-bar lexible harrow was described by the Central Treaty 
Organization (CENTO) Traveling Seminar tn Pakistan. It could be made 
Locally in any country aid, because of its good design, would be a 
wetcome addition to mest animal-powered farms for secondary tillage. 
It is made of three or four beams linked together by attaching the top 
of the front beam to the bottom of the rear beam with short metal eye 
rods. This keeps the teeth vertical but permits flexible action to 


clear debris and pass over obstacles. ”” 


Planting 


Methods and timeliness in sowing strongly influence germination, 
seedling growth, need for and nature of subsequent weeding and ultimate 
yield. Seeds and seedlings must have good environment for rapid and 
sustained growth wich adequate moisture, aeration, temperature and 
nutrients. Main methods of seeding are broadcasting, drilling and planting 
on upland soils and transplanting in-lowland paddy fields. 


J6 tbid. 


3 central Treaty Organization, Op. Cit., p. i17. 
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Technical Factors and Constraints 


Hand Plant ing Operations 


1) Tools and Practices 


In Equatorial Africa, hand farmers use Practically no mechanical 
device to distribute or place seed. On small fields, seed is manually 
Scattered or dropped into prepared holes or furrows. on larger fields, 


it is usually broadcast by hand in an arc in front of the sower, 


a) Broadcasting In broadcasting by hand, the only aids used are 
a basket, waist-sack or gourd to hold the seed. The average sowing 
width is 2 to 3 meters. The hand broadcast-fiddle used in Asia and the 
Far East, mentioned by Husten," was not observed in use in Equatorial 
Africa; nor was the cyclone crank-operated hand-seeder commonly used in 
America and Europe for sowing cover-crops and grass seed, However, when 
used with a steady walk and a constant cranking speed, the cyclone seeder 
gives quite accurate distribution up to a width or about 8 meters and is 
a marked improvement over hand sowing. 

In Ethiopia practically all seed is broadcast regardless or the method 
of tillage. In the highland areas it is sown Just ahead of the fourth 
plowing. (Figure 3.18.) In the southern hoe-farming arcas, small grain 
seed is manually scattered over the prepared ground. It may be lightly 
hoed over, trampled in by animals, or left for the rains to cover in the 
rough cloddy land, Te4$ (lovegrass) is traditionally trampled into the 
ground by driving animals over the field. Subsequent rains complete the 
Job of covering but very small te4§ seed must be firmly pressed into the 
ground or rains will wash it away. 9 

In the large commercial farm area in the Setit-Humera plains of 
northvest Ethiopia the seeds of cotton, dura and sesame are broadcast 
by gangs of sowers after the land 1s prepared by tractor and disk-harrows. 
As many as 30 to 40 men advance across large fields. Since about one- 
fourth hectare can be soun per hour, about 60 hectares can be sown ín an 
eight-hour day. 

Selection and cleauliness of home-grown seed affect germination 
and weed infestation. Bengtsson says, 

The major part of the farmer: (83%) declare that they 

clean their seed in order to obtain a bettor planting material 

ve « [With] a small basket which is shaken and by help of the 
— — — — 

——— op. Cit., pp. 77-78. 

?Bengtsson, Op. Cif., p. 22. 
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wind, the weed seeds could be separated from the grain, 40 


The present seed rate among farmers is much higher than that proven 
best in CADU experiments and trials in Ethiopia. See pp. 2-210 and 2-212, 

Ir other parts of elevated eastern Africa, small grains and oil 
seeds are broadcast by hand farmers and covered primarily by hoeing. The 
large, commercial wheat areas are highly mechanized and most grain is 
sown with tractor-drawn seed-drills. Maize, the staple food, is planted 
in hills with a hoe; but in a few instances it ts broadcast. 

Hand farmers inGhana, Nigeria, Ivory Coast, Senegal and Gambia, in 
western Africa, raise few small grains and consequently seldom use the 
broadcast method. Some rice is raised on uplands in animal-powered areas 
and in the wet valleys with supplemental irrigation. The Far East method 
of transplanting seedlings in paddy fields by hand is generally followed 
for irrigated rice. On most upland fields, the rice is sown by tractor- 
drawn seed-drills; where sowing is done entirely by hand, it is broadcast 


or dribbled into shallow furrows. 


b) Hill-Planting Most hand farmers plant large seeds by placing 
a set number in hills, mounds or ridges. In shifting agriculture and 
minimum tillage cultivation holes are dug in cleared, and often burned- 
over, ground in a random manner with a hoe or planting-stick. The entire 
area is seldom dug up, but only the ground around the hill tilled for a 
diameter of 15 to 20 cm. In settled agricultural areas, the land is 
generally worked completely to prepare beds for planting seeds, root- 
Stocks or seedlings. 

In southwest Ethiopia, the Anuak and Nuer peoples raise maize and 
sorghum. Their method of hand-planting maize and sorghum is discussed 
in Chapter II. 

Vau Beyma, an agricultural missionary with the American Presbyterian 
Mission, has worked with the hand-cultivators in southwest Ethiopia to 
develop a planting-stick for hill-planting. The common hoe has been 
modified by replacing the solid handle with a hollow bamboo tube and 
cutting an opening in the side of the blade 5 cm. from the bottom. In 
operation the blade is jabbed into the soft ground and moved back and 
forth to form a wedge-shaped hole, so seeds dropped down the tube fall 
out ti.e blade opening. 

In Kenya and Tanzania and other parts of eastern Africa, no data were 


obtained on hand-planting methods or rates. In general, however, the 





AOT bid, , p. 21. 
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Figure 3.18 Ethiopia: Broadcast seedin Hand seeding in and between 
plowed guide rows which will be completeiy plowed to cover 
the seed. This results in many seeds being buried too deeply 
and some not covered at all giving spotty and thin stands. 
Seeding rates are usually double those required with more 
scientific practices. (AFR-544) 





ss ta enan 
a 





Figure 3,19 Technohac (Israeli) vegetable and cotton seed hand-wheel 
planters This type of mechanical seeder can make the hand- 
and animal-powered cultivator more efficient by saving seed 
and reducing subsequent thinning and weeding operations. 
The upper seeder can handle vegetable seeds, sugar beets 
and onions, the lower seeder undelinted cotton seed. Com- 
bined in pairs the seeders can be pulled by animal power or 
used singly by pushing with manpower. A share opens the 
furrow and another covers the seed before a Split roller 
firms the soil over the sown row. (AFR-538) 
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hand farmer digs up the ground with the jembe hoes and plants maize and 
other large seeds in random-spaced hills vhich may resemble rows.  Row- 
planting is more common in Kenya and Tanzania, following the example of 
commercial and European farms. Nearly all annual and perennial export 
crops are planted or drilled in rows. Rice and cotton are recent crops 
introduced with row-planting techniques. 

In Ghana, Nigeria, Ivory Coast and Senegal, in western and central 
Africa, some root crops like yams, cocoyams, and cassava are planted in 
mounds. The soil is laboriously piled in heaps 30 to 60 cm. high and 
about one meter apart with the gauna, a type of hand-plow. The sced-tube 
is inserted 15 to 20 cm. below the mound top and the mound often is capped 
with a piece of sod or large clod to help control erosion. 

In Nigeria, Shambaugh says: 

In order to efficiently utilize the farmer's hand-labor, 
planting and thinning is done by hand. Due to the speed at 

which a farmer can plant by the heel-and-toe method, folloving 

the previous operation, a mechanical planter cannot be justified 

under the present conditions. One, however, can be readily 

attached to the tool-bar unit when it becomes desirable.^l 

c) Row-Drilling and Planting Drilling is the operation of placing 
seeds in shallow furrows cut in the seedbed by hoes, cultivator teeth, 
disk-openers or special furrowing and marking devices. Very few hand 
farmers habitually plant seeds in a line. The introduction of cash crops 
and improved practices supported by marketing agencies and extension 
services gradually is persuading hand farmers to adopt rcw-planting. 

Surprisingly, seed-drilling was common practice in Mesopotamia, India 
and China for many centuries before the western world began to realize its 
importance. Hopfen says, "The Sumerians were the first to seed their 
grain in rows with a seeding-tube connected to a plow, a method still used 
in some eastern countries," Modern mechanical hand plarters recently 
introduced into eastern Africa are shown in Figure 3.19. 

In southwest central Ethiopia, under influence of the Jimma Agri- 
cultural School, some hand farmers are planting maize, sorghum, broadbeans, 
aud chickpeas in rows. Hills are aligned, and sometimes furrows are 
marked with hoes and the seeds dropped in by hand one at a time and 
covered by hoeing or pushing dirt over the seeds with the feet. 


In Kenya and Tanzania, the African hand farmer tends to copy the 


dle. Shambaugh, Jr., Mechanized Assistance to Hand Farming, Special 
Report No. 68-9, (mimeographed) (Maiduguri, Nigeria: USAID, November, 
1968), pp. 5-6. 


“2 llop£en, op. cit., p. 28. 
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successful European farmer. The farmers' training-schools and settlements 
also stress row-planting so that many farmers, and their wives who raise 
most of the food-crops for home consumption, are now row-conscious. In 
western Tanzania and Kenya around Lake Victoria, some ridging ís done 

by hand to conserve moisture and prevent erosion. Furrows and ridges 
formed by hand-hoes facilitates row-farming practices. Seeds are gener- 
ally planted in hills in the middle of one meter ridges and on the sides 
of larger 1.5 meter ridges making a double row. Groundnuts, cotton, 
maize, sorghum and beans are planted on ridges. The agricultural research 
Stations developed a system called tle-ridging in which cross-ties are 

put across the furrow every three to four meters to impound and hold the 
water during heavy rains. 

In Ghana and Nigeria (and occasionally in other West African 
countries), extensive use is made of ridges for planting groundnuts, 
yams, maize, sorghum, millet, guinea corn, and vegetable crops. The 
ridges are made with the hand-hoe; generally 5 to 10 seeds are planted 
in each hill about 70 to 100 cm. apart. Tie-ridging is also practiced 
to some extent to conserve moisture and prevent run-off. In Senegal and 
Ivory Coast, upland rice is dribbled into furrows by hand and covered 
with the foot, partly because ridges do not hold up in the sandy soll. 
(Figure 3.20.) 

While ridging has many advocates, some agriculturalists questíon 
its practice because of weed control problems and soil erosion losses. 
Shambaugh states that "After five years of mechanical cultivation of 
crops oa both the flat and on ridges, we can see no advantage to ridge- 
farming [in northeast Nigeria]. In flat farming cultivation practices 
are simpler and easier and weed control is better. ai? Evidence from this 
area suggests that erosion losses from ridges may be more serious than 
previously thought. Thus, specific area research is needed to determine 


the value of ridging in localities where it is currently practiced. 


2) Power Required 


In hand-broadcasting, planting in hills, or dropping in furrows, 
sowing is relatively easy. Broadcasting is normally done by men while 
dropping of seeds into hills or furrows and covering is usually done by 


women and children. 





Hie A. Shambaugh, Jr., Bornu Complete Tiltlage Machine (mimeographed) 
(Maiduguri, Nigeria: USAID, October, 1968), p. 1. 


2-203 







^, 
* 
Ly 
» 
ou 


w 
vo W 
a” da 


* 
LA 







à zt 
te 
- owe Fy 
s NW Sa SEI 
ri s 
Mon 
AS 
v 


ZS, ee 


We 












ape 





Figure 3.20 Senegal: Row seeding rice by hand The simple process of 
marking rows or providing multiple furrows in the last til- 
lage operation permits more efficient methods of inter-row 
cultivation for weed control. It also encourages use of 
improved varieties, fertilizer, disease and insect control, 
adoption of more efficient tools and use of improved power. 
Row seeding and weed control are perhaps the most impor- 


tant steps to improved farming practices initiated at very 
low cost.  (AFR-539) 


3) Time Required 


In hand-broadcasting, Bengtsson determined that it took one person about 


one hour to sow one-fourth hectare by hand, or about four hours per 


44 
hectare. The covering operation was not measured separately. 


a) Hoe Covering With the digging or weeding hoe, it takes many 


man-hours to cover broadcast seed. Using a work capacity of 100 to 150 m.” 


per hour for light-weeding by rectangular hand-hoe, manual covering takes 
from 67 to 100 hours per hectare or from 8 1/2 to 12 1/2 man-days. By 


using 8 to 12 people, one hectare could be covered by hoe in one day. 


b) Livestock Trampling If livestock are available, they can be 


driven over the field sufficient times to trample in the seed. At l.6 km. 


per hour, it would take a single animal about 10 hours to cover 0.4 hectare 


walking over 0.61 meter strips. In actual practice in Ethiopia, the time 


spent is considerably less but the coverage can be effective since there 

is a lot of scuffing and trampling by different sizes and weights of animals. 
c) Brushing with Branches This method can be quicker than hand- 

hoeing. Walking at 0.8 to 1.6 km. per hour and dragging or swishing a 

branch over a 120 cm. swath, it takes a man five to ten hours per hectare, 


or four men 1 1/4 to 2 1/2 hours per hectare.  Brushing is limited to 


fairly flat fields since coverage is very light and heavy rains can float 


““Rengtsson, op. Cit., p. 24. 
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and wash away the loose soil and seed. 


d) Planting in Hills In hill-planting maize in southwest Ethiopia 
it took two people (a man digging holes and a woman planting seeds) from 
2 to 8 days to plant one hectare, depending on whether they were fast or 
slow. Sorghum-planting was slower, ranging from 10 days to 33 1/2 days 
per hectare for a fast and slow farmer, respectively. The average farmer 


planted one hectare of maize in 5 days and sorghum in 22 days. 


e) Dribbling in Rows In hand-dribbling into prepared furrows, a 
man and woman or older child can sow about 13.5 m. of row per minute moving 
at 0.8 km. per hour. If the furrows were 30 cm. apart for rice, wheat, flax 
etc., it would take two people 41 hours or about 5 days to plant and cover 
one hectare. If the crop rows were spaced 60 cm. apart instead of 30 cm., 
row-planting of maize, sorghum, millet or guinea corn could be accomplished 
in 4.4 man-days. 

Shambaugh's work indicates that hill-planting by hand in pre-marked rows 
can be v?ry fast and inexpensive. A hand farmer took an average of only 
6.7 man-hours to plant a hectare of guinea corn and 14.1 man-hours to plant 
a hectare of groundnuts. In these examples the farmers' labor is valued 
the same as labor he would have to hire”? (Table III. 6.) 

In a comparison test in northern Nigeria in 1958, Haynes reported hand- 
planted groundnuts required 28.7 man-hours and hand-planted guinea corn 
39.5 man-hours per hectares” Evidently different methods were used than 
employed in Shambaugh's work. 


TABLE III. 6 HIRED HAND LABOR REOUIRED TO PLANT SELECTED CROPS: 
NORTHEASTERN NIGERIA 19688 


EE E 
Area time Hours/  ICost/hectare 


hectares dollars 

May 20-21 1.21 0.89 
June 12-13 | Guinea Corn 1.21 0, 74 
June 15-16 | Groundnuts 0.81 1.56 
26 Cotton 0.81 i 0.62 
Note: The primary tillage was performed by a tractor field cultivator, 

developed by Shambaugh, in which two 51 cm. wheat-land-sweeps 

removed any weeds in the row and marked the two parallel rows for 

hand-planting by heel-and-toe method, 
"Figures abstracted from Shambaugh, Mechanized Assistance to Hand Farming, 
Special Report 68-9, p. 7. 


P computation based on $0.1]1/hr. actually paid to hired labor in this area 
in 1968, 














457. J. Shambaugh, Jr. Mechanized Assistance to Hand Farming, Special 
Report 68-9, (mimeographed) (Maiduguri, Nigeria: USAID, 1968), p. 7. 


D.W.M. Haynes, A Bieg Review of Mechanization Experiments in Northern 
Nigeria Papers on Agricultural Engineering in Northern Nigeria (Samaru, 
Nigeria: Ahmadu Bello University, Institute for Agricultural Research, 
1964) , P. 12. 
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f) Planting in Mounds In Ghana and Nigeria no records were obtained 
on time and work rates for making and planting in mounds. One mound per 
Square meter equals 10,000 mounds per hectare. If it takes a man five minutes 
to make one mound (12 per hour), it would take 833 man-hours or 104 man- 
days to mound one hectare. When smaller mounds are made taking only three 
minutes per mound (20 per hour), it takes 500 man-hours or 62 1/2 man-days 
per hectare. If actual planting of mounds takes 15 to 20 seconds each, or 


three to four per minute. ít takes 5 to 7 man-days to plant one hectare. 
4) Skill and Management Required 


Special skill is not needed to plaat seeds, but since seed is the only 
item hand- (and most animal-powered) farmers purchase, it constitutes a 
vital part of the budget. The farmer himself, therefore, takes charge of 
the field sowing of broadcast crops. Women usually plant garden crops to 
be consumed by the family. 

Leander reported that in Ethiopia "the oniy farm input of significance 
in terms of value was seed . . ., 17% of the total crop production [cost] 
was used as seed, ranging from 12% as the lowest and 27% as the higiest, "7 

Timing of planting always is Aegarded as chitin for maximum yields. 

In Ethiopia, the Institute of Agricultural Research reported that "early 
sowing by late June or early July at the time of the onset of the rains 
seems to be on. of the necessary prerequisites for high yields. .. . Like- 
wise for the dry season starting in October, early sowing is essential, "^8 

Good seed selection and proper cleaning insures not only good germination 
and growth characteristics, but also reduces weed competition and subsequent 
weeding costs,  Bengtsson reported seed purcnased in the market normally 
contains 10 percent impurities, seed selected and cleaned by the farmers 
themselves only about 4 percent, and seed furnished by the Kulumsa Seed 
Multiplication Farm less than l percent, ? 

On non-irrigated upland soils, timing of planting depends primarily 
on the unpredictable rainfall pattern. In some regions, small spotty rains 
precede the big rains and permit the start of land preparation without 
being sufficient to sustain seedling growth. Crops are planted toward 
the end of the small rains or at the beginning of the major rainy season. 

In years of unusual or deficient rainfall, the farmer must be ready as soon 
as possible and use his best judgment based on experience and knowledge. 


Nevertheless, partial replanting often is necessary. 


47) eandar, op. it., p. 92. 


ab rmperial Ethiopian Government, Progress for the Period February, 1966 
to Manch 1968, op. cit., pp. 6-9. 


Bengtsson, Op. cit., p. 18. 
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In regions with distinct wet and dry seasons and limited growing periods, 
land preparation is critical for annual crops. For the hand farmer the 
arduous work for an extended period can be offset only by hiring extra labor, 
if wages and workers are available, or by finding some way to minimize 
seedbed preparation. Possible methods are: burning and planting directly 
in bared ground; splitting old ridges to form new ridges without plowing; 
plowing once or twice instead of 3 to 4 times; or using improved field 


cultivators in place of plowing with upgraded power and implement systems. 


5) Costs Involved 


Even at the very low wage rates common in Equatorial Africa, labor 
costs for hand power can be expensive. Broadcasting seed takes about four 
hours per hectare, but covering without help of additional animal- or 
engine-powered tools can be costly, especially if extra labor must be 


hired for planting. 


a) Covering Broadcast Seed by Hoe In Ethiopia, hired hand labor 


costs about $0.40 to 0.60 per man-day. To cover one hectare by hand hoe at 
the lowest work rate of 100 to 150 m.” per hour would cost $3.35 to $5.00; 

plus the cost of broadcasting of $0.20 to $0.30 for half a day for a total 

of $3.55 to $5.30 per hectare. 


b) Covering Broadcast Seed by Trampling Livestock trampling is an 


inexpensive way of covering seed providing there are sufficient animals, 

and the soil moisture and tilth conditions are favorable. Ethiopian herds 
are well trained for threshing grain in a circle. Moczarski reported 

seeing a farmer driving his cows in circles as they moved across the field 

to trample in seed, ^U If a farmer and a helper spent only 4 to 8 hours 
herding cattle in trampling, the cost of covering a hectare would be nominal; 
perhaps l 1/2 days' wages at $0.40 per man-day, plus the cost of broadcasting 
at $0.20 to $0.30 for a total of $0.80 to $0.90 per hectare. There would 

be some wear and tear on the animals, but this could be minimized with rest 


and good pasture. 


c) Covering Broadcast Seed by Brushing Covering by dragging a brush 


on fairly flat fields would take a man 5 to 10 hours per hectare working 
constantly. Two men working half the time could cover one hectare in 
8 hóurs at a cost of 2 man-days or $0.80 per hectare. The total cost, 


including broadcasting, would $1.00 to $1.10 per hectare. 





"Üoczarski, op. cit., March, 1969. 
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d) Planting in Hills Hill planting maize in southwest Ethiopia, an 
average famer and his wife take 5 days equal to 8 3/4 man-days (using 
Norman's labor equivalent for a woman equal to 0.75).?? At $0.40 per man- 
day, this amounts to $3.50 per hectare. 

Sorghum planting in southwest Ethiopia takes 22 days for a man and woman, 
equal to 38 1/2 man-days. At $0.40 per man-day, the cost per hectare is 


$15.40. 
e) Sowin, in Rows Dribbling seed in furrows 30 cm. apart by hand at 


0.8 km. per hour takes two men 5 days or 10 man-days to plant and cover one 


hectare. At $0.40 per man-day, this would cost $4.00 per hectare. 


f) Planting in Mounds If mounds are already made and then planted 
at the rate of 3 to 4 per minute, it would take 5 to 7 days to plant one 
hectare with 10,000 mounds. At $0.88 per man-day, planting would cost 
$4.40 to $6.16 per hectare. 

In Table III. 7 is presented a summary of hand-planting costs as dis- 
cussed in preceding examples, but with all labor costs left in terms of 
man-hours in order to obviate the difficulty of assuming an arbitrary wage 


rate. 


Animal Planting Operations 


1) Tools and Practices 


The art of planting in rows and the use of an automatic mechanical 
seeding device is not a development of our modern agricultural society. 


As Hopfen points out: 


Seed drilling for many centuries was common practíce in 
Mesopotamia, India and China before the western world began to 
realize its importance. 

Chinese seed drills generally have two or three seed-tubes. 
The ancient (possibly 200 B.C.) feed mechanism, still in use, 
shows there was a need for an automatic, reasonably selective and 
positive ejecting device on an implement already in use in those 
far distant days for drilling seeds in furrows. 2 


The three common methods of sowing seed are broadcasting, drilling and 
planting: techniques that may be described as random, metered, and 


precision planting. 


“The people of northern Nigeria where Norman conducted his studies are 
predominantly Muslim. Traditionally, after marriage women remain within the 
family compound; thus, Norman employed a second figure for agricultural labor 
unit equivalent of 0.00 for Muslim women above 15 years of age. 

Norman, An Economic Study of Three Villages in Zaria Province, 1. Land 
and Labor Relationships, p. 9. 


S2 lopfen, op. cit., pp. 78-79. 
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TABLE III. 7 SUMMARY OF AVERAGE TIME PER HECTARE FOR HAND PLANTING 
VARIOUS CROPS IN,EQ 
Planting 
Method 
man-hours/ha. 
Hills in pre- Cotton 5.7 -4 
marked furrows Guinea Corn 6.7 
H BH Millet 8.2 - 
Groundnuts 14.1 


a 
a 
a 


Broadcast covered | Tegé -6 12 
by animal tram- 
pling 


Broadcast covered 
by brushing 


Prepared mounds - 
planting stick 


Hills with hoe 
Pre-marked 
furrows by hand 


and foot 


Broadcast covered 4-6 71-106 
by hoeing 


Hills with hoe 176-308 176-308 





“Coat of covering included in cost of planting. 


While broadcasting of cereal grains has been abandoned in most countries 
witli advanced agricultural practices, it remains the most common method 
of sowing in Equatorial Africa where animal power is used. In Ethiopia 
maize and sorghum are still sown broadcast, in addition to wheat, barley, 
flax, sesame, fef and cotton. Because it does not insure the best con- 
ditions for germination and seedling development, sowing rates are generally 
much higher. Seed covering is a separate operation in the form of an 
additional plowing and the haphazard location of plants greatly hinders 
subsequent weeding operations by hand or animal power. 

The uniformity of seed distribution accomplished on the move with 
mechanical devices depends mainly upon the accuracy of the seed-metering 
technique and condition of the seedbed. The main advantage of drilling 
is the creation of spaced rows which facilitates efficient weeding opera- 
tions. It aligns and spaces the plants accurately in one direction and 
requires less seed. It permits greater capacity and speed with animal- 
drawn tools for inter-row cultivation and weeding. The technique of drilling 
seed during the last animal-plowing operation is still used in northern 


and eastern Africa. 
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Normally hilis or holes are placed equidistant. in uniformly spaced 
rows or ridges. When cross-checked and lined up in both directions on the 
flat, this permits mechanical cross-cultivation for the most efficient 
method of removing weeds between plants. Young plants or seedlings can 
ae transplanted into prepared holes, as in Nigeria with sorghum and guinea 
corn; in Ghana with tomatoes and peppers; in Ethiopia, Kenya and Tanzania 
with cabbages and other vegetables. 

In angmal-powered fawning areas in eastern Africa, planting of seeds 
ds almost exclusively a hard operation. A few mechanical seeders are 
available but they have not been entirely satisfactory and their economic 
cost is hard to justify on small areas of mixed crops. By contrast, 
in the Francophone countries of western Africa, andnal-pulled seed planters 
have been highty promoted and are extensively used in Senegal, Mauritania 
and Mali. In 1965 over 182,000 animal-drawn seeders were reported to 
be in use. (Table III. 8) 


a) Broadcast Seeding The timing and procedure for sowing both 
field and garden crops for northwest Ethiopian highlands and lowlands 
described by Simoons is similar over eastern Africa wherever animal- 


power is traditionally used. 


The sowing of seed begins with the first rains, as early 
as April if the season is early, but more often in May or June. 
Farmers often sow another crop in September to take advantage 
of the late rains. Broadcast sowing is the preferred method 
of the Northwest. This work is done by the men. In some cases, 
after sowing such small-seeded cereals as Zeit and finger millet, 
the highland farmer drives sheep, goats, donkeys or cattle over 
the field to cover the seed, or he simply brushes soil over ít 
with the branches of trees. More commonly, however, the plow 
is used to cover the seed after broadcasting. Planting of 
individual seeds is normally done ín the highland only in the 
garden, and even there only for the seeds of certain plants, 
such as gourds and squash. 3 


In south central Ethiopia the animal-powered farmer uses a small, 
flat basket called a kuna to carry the seed. Held chest-high the sower 
throvs out a handful of seed with about every other step. Sometimes the 
plowman marks a guiding furrow about every 3 or 4 m. for the sower to 
follow as he dispenses the seed. (Figure 3.18.) The present seed rate 
is almost double that proven best in experimentation. 

At present, farmers plant about 180 kg. of wheat and 165 kg. 


of barley per hectare while the optimal rate at Kulumsa is con- 
sidered to be 100 kg. per hectare. This comparatively high seed 


ee — — 


53 E 
F.J. Simoons, Northwest Ethiopia: Peoples and Economy, (Madison: 
University of Wisconsin Press, 1960), Chap. 5 passim, 
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rate could be explained, however, as the seed is contaminated 
with weed seeds and inert matter up to percentage of 5-10 
percent and still more sometimes. In addition, the plough 
will cover many seeds too deeply. 

twmediately after broadcasting the field is plowed to cover the seed. 


Teg, however, is covered with the help of animals. 


b) Row Planting In western and eastern Africa, many animal-farm 
still plant by hand and foot. 


In northern Nigeria and Ghana, animal-plow farmers normally plant by 
hand after plowing or ridging the land. Ridge planting is most common 
in Nigeria and, although used extensively in Ghana on the lighter sandy 
soils, the ridges tend to be smaller because they break down and erode 
under heavy rains. As a rule, animal farmers must wait until the rains 
begin before they can ridge. On previously farmed land, the popular tech- 
nique is to split old ridges and then tie-ridge them to form small earth 
dams at intervals in the furrow. The planting is done with the heel- 
and-toe method on the ridge, with five to ten seeds planted in each hill 
every step or two. 

In Gambia and Senegal, animal-plow farmers without seeders generally 
plant on ridges, although upland rice is planted on the flat. Moczarski 
says: 

On ridges, especially in sandy soils, the common method 

is to dig or poke a hole with a short handle hoe or planting 

stick, drop in the seed and allow the dirt to fall back in and 

firm it with the foot. Maize is planted on both sides of the 

three foot ridge about 1/3 meter apart while groundnuts and 

yams are planted in the center about 1/2 meter apart. Ground- 

nuts are planted about three cm. deep and yams about 12 cm. 

In Kenya and Tanzania there has been a marked trend for hand- and 
animal-powered farmers to plant in rows on the flat, due to influence of 
European commercial farms, the introduction of cash crops like cotton, 
and the availability of government and private tractor-hire services. 
Furthermore, since maize is the basic food-crop of most of East Africa, 
it has been plauted in hills by hand for many years. With the use of 
animal-power or the tractor-hire service for basic tillage, row planting is 
readily accepted because of the ease in following natural furrows made by 
the plow or disk. 

Regular animal ridging is practiced around the Lake Victoria areas and 


— — —— —— — — — 


Eeer op. cit., pp. 23-24. 
P Moczarskis op. Cit., February, 1969. 
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in higher rainfall area wher^ cotton is grown. With hand seeding, crops 
are planted in rows and thinned in three weeks. Gibbons said the extension 
service in Tanzania has succeeded in doubling cotton area in the past 
five years, ZP The most critical area in cotton production is planting. 
The farms range from 1.2 up to 5 to 6 hectares. 
Aukland says a hand farmer can only till, plant and care for 1.2 ha. 
of cash crops plus another 1.2 ha. of food-crops. Larger farmers are forced 
to use animal or tractor power for tillage Planting is done on the ridge 


by hand, assisted by hoe, planting stick or Goar, 27 


c) Plow Tube Seeders Simple animal-drawn seeders have been used 
for many centuries in southern and eastern Europe and in the Middle last, and 
probably were brought into northern and central Africa ty Arab cultivators, 

Farmers in the northern provinces of Ethiopia use a seeding tube on 
the rear of their spade-blade body Arab-type plows. During the last 
plowing, the plowman drops seeds down the tube into the furrow. The seed 
is covered by the soil as it rolls back into the cavity. Since the oxen 
walk slowly, the plowman can do a fairly accurate job of spacing crops 
by dropping a pinch of seed into the mouth of the hollow tube with every 
step. 

This method is still used today by some ox-plow farmers in the lower 
Awash River Valley in eastern Ethiopia. Moczarski rcports: 

In Assaita the traditional Afar farmers have grown 

maize for centuries. They use a seed tube on the back of 

an Arab-type breaking plow and a boy walks behind the plow 

and drops two seeds down the tube each time, The seed is 

usually carried in a gourd or small woven basket held in 

the hand. The desired spacing is about 30 to 36 cm. with 

rows about 50 cm. apart. The seeding is done on the second 

plowing crosswise to the first. Since crops are planted 

on recently flooded land there isn't time to plow more than 

once as the crop must be planted as soon as possible so 1t 

will mature before the land dries up.” 

The multi-tube funnel seeder, an Indian-tvpe multiple-tube seeder 
called gon, is patterned after the plow-seeding tube. On this si, "o 
machine 2 to 6 wooden metal-tipped row-marking shoes are mounted under a 
beam and slanted forward. Hollow seed tubes pass through each furrow- 


maker and discharge behind them with their tops connected to a common 





36, n Gibbons, Assistant Director, Western Region, Ministry of 
Agriculture, Mwanza, Tanzania, Personal Communication, October, 1968. 


t y. Aukland, Director and Chief Research Officer, Ukiriguru Research 
Station, Western Tanzania, Personal Communication, October, 1968. 


3Boczarski, op. cit. 
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funnel. In use, seed is placed in the funnel and trickles out each tube 
as the drill is pulled forward. By putting a small amount of seed in the 
funnel as the animals move, a rather constant discharge can be obtained. 
Care must be taken when more than three tubes are used, to be sure equal 
amounts ef grain pass through each tube. This device is not commonly used 


in Equatorial Africa. 


d) Mechanical Seeders In Francophone West Africa, the most popu- 





lar animal-drawa seeder by far is the SISCOMA-made Super Eco, produced under 
license from Ulysse Fabre. The few mechanical seeders used by animal 
farmers in Ghana, are most likely the SISCOMA unit. In Nigeria, some 
seeders were manufactured at the Senafrica Factory at Kano, associated 

with the CFAO firm in Nigeria. Haynes said they "made large numbers of 

the same type of seeder that form the bulk of SISCOMA's production." 

The seasonal manufacture, method of distribution, and lack of support from 
the extension service apparently would not support a viable commercial 
enterprise. "The Kano venture was a failure and large stocks (probably 
over 150 seeders) remain in the factory yard (1964) .?? 

In another report, Haynes sald: 

Ox-drawn planters . . . tended to produce lower yields 

in early trials . . . but in a test of five makes in 1958 

there was no difference in yield between machine-sovn and 

hand-planted crops. . . . the Super Eco was considered the 

best and was manufactured in Kano with the ridge model, with 

fertilizer attachment, costing $70.00 in 1958. 

In eastern Africa, at least two companies made a simple mechanical 
seeder for the small farmer. The A.H. Engineering Works, Ltd., P.O. Box 
280, Soroti, Uganda is still manufacturing a rolling-wheel-type seeder 
patterned after the Bentall from England. This seeder was developed at 
the special development section of the Department of Agriculture, and was 
turned over to the A.H. Engineering Company for manufacture. A larger 
improved model of the Bentall-type seeder overcame many old problems, 
but still does not accurately plant a variety of crops. 

Stephens reports that a large number of the Bentall seeders were sold 
in Uganda but no precise figures were given on how many are still in idé, 
Brown also stated in 1967 they were still satisfied with the performance 


of the A.H. Engineering Co. seeder and would not adopt another unless it 





Zanen Report on a Visit to Senegal, Section II, Appendix P, p. 4. 


60 aynes , A Brieg Review of Mechanization Experiments in Northern 
Nigeria, pp. 11-12. 


Blasen, ct. al., Agriculture in Uganda, op. cit. 
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ere cheaper and more efficient, D? In Tanzania, small animal-drawn seed 


rills are being imported from India, but no record of sales or distribution 
s available. No animal-powered seeders are being imported currently into 
enya or Ethiopia. 

The A.H. Engineering seeder is a single-row sowing device made of 
wo halves of a hollow disk-wheel. Hole sizes and row spacing can be 
aried by locking interchangeable sliding gates in selected positions on 
he rim. (Figure 3.21.) Seeds are loaded through a side hatch into the 
enter cavity and as the wheel rolls forward around a fixed internal 
gitator, seeds refill openings in the perimeter and fall out the seed- 
ates. The openings are set i side the rim to avoid bloc'age by dirt or 
ticky soil. A furrower blade opens a trench in front of the wheel and 

scraper pulls dirt over the furrow after the seeder passes. The 
.H. wheel-seeder is priced at $30.00 per unit plus $11.00 for a seeder 
rame, but 1s very simple with few wearing parts. 

The Bentall wheel seeder is basically the same design as the A.H. 
eeder, (Figure 3.21.) Its capacity is limited, requiring frequent filling, 
nd variations occur in seeding rates from full to nearly empty. A single 
entall Unit sells for $21.00. 

Various seeding units were tested by Cooper, who commented on the 
ollow-concave wheel-seeder used for sowing maize: 

It had little to commend it for planting maize. The 

wedge shape or flat grades of seed caused frequent jamming 

and intermittent delivery of seeds even in good conditions 

and on smooth surfaces; three different sizes of wheel were 

tested but in all cases the drive was not positive, the 

quantity of seed in the hopper had a marked effect on the 

seed rate, there was a wide difference between the 1/2 to 

1/4 levels, loadings of more than 1/2 and below 1/4 full 

were not practicable. Speed of travel also produced a wide 

variation on seed rate, up to 53 percent reduction occurred 

from 0.5 to 2.5 miles per hour [0.8 to 4.0 km. per hour]. 

Soil adhering to the wheel perimeter also hindered seed 

delivery. The depth of planting to a large extent depended 


on the soil conditions; in loose dry conditions the soil 


trickled into the furrow before the wheel dropped the seed, 63 


The Super Eco seeder, identical to the French model of the same name, 
s a well-built all-metal machine with ground drive. Two 45 cm. diameter 


heels power the seed plates and seed pickup reel to control the spacing 





62. T. Brown, "Report of Special Committee on Agricultural Engineering", 
Anutes of a Meeting of Specialist Committee on Agricultural Machinery, 
mimeographed) (Tenguru, Arusha, Tanzania: Northern Research Center, 
ictober, 1967), p. 23. 


63 Cooper, "Mechanization on Small-scale Farms and Ox-drawn Implements, 
art I", Kenya Coffee, op. cct. 
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Figure 3.21 A simple steel wheel seeder Patterned after the Bentall 
seeder made originally in United Kíngdom and Uganda, the 
A.H. seeder wheel is made by the A.H. Engineering Works, 
Soroti, Uganda. The seeder shown is for manual operation 
but units could be combined to make larger animal-drawn 
seeders. Removable and adjustable gates in the open rim of 
the wheel, permit different seeding rates and various types 
of seeds to be sown. (AFR-126) 





and the number of seeds ejected into the furrow. (Figure 3.22.) A star 
or plate rotates slowly, forcing single seeds out of the hopper. Pulled by 
one animal, usually a horse or donkey, a knife blade slits open a furrow 
which is further enlarged by the seed tube. Two duck-foot shovels, one 
on each rear side of the seed tube, roll dirt into the furrow to cover the 
seed and a concave press-wheel firms the soil. An adjustable marker swings 
right or left to mark the next row. 

While seeders are designed for sowing on the flat they also can sow 
on top of a wide ridge or bed, or into a furrow. For small grains two 
seed plates are available: one with 14 holes plants at 30 cm. intervals 
and a second with 24 holes provides 18 cm. spacing. For the latter, it is 
recommended that the rows be at least 60 cm. apart to permit weeding with 
an animal-drawn hoe. | 

For large seeds such as groundnuts and hill-planted crops such as maize 
and sorghum, finger-star-reels are used. A three-arm reel plants at dis- 
tances of 130 cm., a four-arm reel is used for small millet and agon at 


100 cm. spaces, and a five-arm reel is used for large millet, sorghum and 
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Figure 3,22 SISCOMA (French-designed) animal-powered (ox, horse, donkey) 


seeder with fertilizer attachment Farmers like this one- 
row seeder, but say that a two-row unit is too heavy. It is 
manufactured by the SISCOMA farm machinery factory near 
Dakar, Senegal.  (AFR-294) 


bassi at 80 cm. Other plates are available to plant maize, rice, niche and 
cotton. The machine reportedly can plant undelinted cotton seed. 

Haynes investigated the possibility of importing the Super Eco into 
Nigeria and reported: 

The seeder is successful in Senegal because it increases 

yields and because planting was previously a labour bottleneck. 

It appears to be generally agreed that planting is not a bottle- 

neck in northern Nigeria and that planters costing $42.00 - 

$58.00 are an expensive luxury. The Super Eco seeder has been 

tested at Samaru and, 1f the Ministry of Agriculture wishes to 

carry out an extension campaign in the extreme north, it is 

probable that adequate supplíes can be obtained in Kano more 

cheaply than by importing from SISCOMA. 

The seeder also can be equipped with a fertilizer distributor as shown 
in Figure 3.22. The agitator and metering wheel are driven by a chain 
drive from a gear on the seeder drive shaft. The fertilize: is dispensed 
on both sides of the row at a rate of 168 kgs. per hectare (suitable for 
Senegalese conditions), but different sprockets can vary this rate. 

The Cossul ox-drawn seed drill is a new animal-drawn seed drill in- 


ported into East Africa from India which uses a fluted feed-roll for seed 





6 aynen, Report on a Visit to Senegal, p. 5. 
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metering and disk-furrow-openers. Rows are adjustable from 15 to 25 cm. 
At present, only a three-row model weighing 94 kgs. is being imported, but 
a five-row unit weighing 110 kgs. also is available. This drill is designed 
to plant small grains for larger animal-powered farmers at uniform depths 
with more uniform distribution than possible by broadcasting. The maximum 
working width of a three-row drill set for 25 cm. spacing is 62 cm. Drag 
chains are used for seed covering and the rear wheels power the seed- 
metering mechanism and fertilizer attachment through a chain drive. The 
price for a three-row Cossul drill with fertilizer attachment is about 
$150.00 A hand-controlled fore-carriage is useful to keep the drill 
running straight. 

Hopfen points out: 

The main purpose of drilling in rows is to place all the 
seed at a predetermined uniform depth end with the rows equi- 
distant, and thus save up to 25 percent of seed as compared 


with broadcasting. Drilling also facilitates subsequent inter- 
culcivation and weeding with hand- or animal-drawn implements. 65 


2) Output, Power, Time and Labor Required 


a) Broadcasting Methods using the plow for covering require two 
oxen. In Ethiopia, Bengtsson found it took an average of 23.3 hours to plow 
one hectare and 4 hours to broadcast the seed for a total time of 27.3 man- 


hours and 46.6 ox-hours. 


b) Plow Tube Seeder While no actual time studies were made, the 


rate of vork was calculated. As reported by Moczarski, the Awash Valley maize 





farmer plows and sows at the same time with a spacing of about 1/2 meter.? 
Fast oxen walking at an average of 1.6 kms. per hour can cover a hectare in 
12.3 hours; slow oxen moving at l km. per hour would take about 20 hours. 
If the oxen worked 80 percent of the time, the average time to seed one 


hectare would be ?0.2 hours. 


c) Hand Planting Haynes gives figures in Table III. 9 on hand 
planting in comparison with ox-drawn planters on prepared ground. Labor 
requirements ror ridge planting by hand versus the Super Eco ox-drawn planter, 


indicated a definite advantage for the animal powered we 


3) Skill and Management Required 


a) Hand Planting with Animal Power No particular skill is required 





Dina fen, op. Cit., p. 77. 

“bhoczareki, op. cit. 

“?haynes, A Brieg Review of Mechanization Experiments in Northern 
Nigeria, p. 12. 
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TABLE III. 9 ^ COMPARISON OF LABOR FOR HAND- AND OX-DRAWN PLANTERS 


Time Required 
Hours per hectare 





Groundnuts Hand planted 28.7 man-hours 
Machine sown 


Guinea corn Hand planted 
Machine sown 


to plant and cover the right number of seeds in a hole of the proper depth. 
It takes skill and management, however, to prepare the land for a variety of 
crops, to plant them at the proper tíme, to weed early food-crops as needed, 
and to harvest the late crops and cash-crops on time, without neglecting 
any aspect of good husbandry. The more mixed-cropping and larger the area, 
the better manager the farmer must be. As Haynes pointed out, during the 
first 15 years of promotion in northern Nigeria, many mixed-farmers, as 
they increased their area, required techniques beyond their capacity. About 
1/3 of all new farmers using animal power failed after acquiring cattle and 
plows; some due to animal diseases but many more because of the inability 
of the ind’ vidual farmer to change his role from head of the family farm 
to manage of the mixed farm, °° 

It also takes skill, management and foresight to plot fields for row 
seeding to facilitate subsequent cultivating and weeding. Rows should be 
as long and straight as possible; hills must be centered to permit close 
work and labor-saving weeding with improved animal or hand tools. If 
weeding is to be done with a two-row mechanical cultivator, special care 
must be used in hand planting single rows by using a 2 or 4-row marker. 
In addition Shambaugh cautions, "Using the heel-and-toe method of hand 
planting, the covering should be done with a backward motiun of the foot 
rather than a side motion which may tend to move the seed to a closer or 


wider row spacing." 9? 


b) Row Planting with Plow Tube See-^er The greatest difficulty is 
guiding the oxen in a straight line while maintaining a constant rate of 
seeding. Two persons undoubtedly can do a better job, as in Ethiopia where 
a boy helps his father by dropping the seed into the tube. 


c) Animal-drawn Mechanical Seed Planters The farmer using a ma- 
chine planter must choose the correct plate or star for the available seeds. 





ARIES. EE ee. RE AE WEE 


Dën av. Haynes, "The Development of Agricultural Implements in 
Northern Nigeria", Proceedings, Science Association of Nigeria Vol. VI, 
1963, p. 103. 


69 siisubsüghis Bornu Complete Tillage Machine, p. 6. 
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Once he has chosen a seed plate, he must select the cleanest and most uniform 
seed to be used with it. As varieties are improved or new crops introduced, 
he may try to get by with an old plate rather than purchasing the correct 
size plate. 

In using the seed planter or drill, the farmer must constantly check 
to see that seed is dispensed and that soil or foreign material neither 
clogs the seed discharge or blocks the shoe or seed tube opener. In 
Senegal, this problem is partially overcome by having a boy or man lead 
the animal while the farmer concentrates on the seeder. 

Under hot tropical conditions it is also very desirable to use a press 
wheel after the seed is covered, to insure that the seed is firmly embedded 
within a moist environment. Because of occasional downpours, seeds must 
be firmly covered, especially on sloping land, to prevent their being 
washed away. Under dry conditions different spacings may be required. Types 
of furrow openers are also important. Hopfen points out: 

In average soils hoe-type openers are prererred; in cloddy 

soil or in soil with trash, roots or other organic materials, 

single disk furrow openers generally function best. .. à 

While the normal spacing between the rows is 16 to 18 cm. for 


cereals, under dry conditions this spacing must be wider, 
namely, about 25 to 30 cm. 


[Furthermore] if winds are frequent ín drier areas, 
cereals should be dropped into the bottom of rather big furrows 
and pressed into the soil with rollers. [For protection from 
the wind and to control wind and water erosion] the seed rows 
should be perpendícular to the prevailing direction of the 
wind and surface trash should also remain on top of the ridges. 


4) Costs Involved 


A summary of man-and animal-power requirements for seeding by various 
methods as outlined in this section is given in Table III. 10, and indicates 
the amounts of inputs with different levels and degrees of mechanization. 
For comparison purposes only the value of one man-hour is assumed to be 
$0.10 and the cost of two ox-hours $0.20. However, Since both labor and 
animal costs are quite different in different economies more realistic 
comparisons can be made in terms of actual work hours, which are also 
shown. Additional studies are needed which enable comparisons of similar 


operations in different countries. 





open, op. it., p. 83. 
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TABLE III. 10. COSTS OF SEED PLANTING FOR DIFFERENT ANIMAL-POWERED SYSTEMS 


ha. — Jra. hand labor animal labor cost/ha. 


dollars dollars 
Broadcasting? Wheat Covering 2.43 7.39 


(Ethiopia) Barley Sowing 
Plow Tube Seeder" Maize Ploving 3.03 7.07 
(Ethiopia?) Sowing 10.1(boy) 





Hand Planting" Guinea Plowing 
(Nigeria) Com Sowing 39.5 


Hand Planting? Groundnuts Hill 28.7 
(Nigeria) Planting 

Cossul 3-row dri11? Small Drilling 5.0 
(Tanzania) Grain 


Super Eco Ox-planter^ Guinea Drilling 
(Nigeria) Corn 


“Bengtsson, Op. cit., pp. i0 and 24. 
brimes and costs calculated from available information. 
“Haynes, Ox-draun Implements, p. 12. 


Weeding and Inter-cultivation 


Irregularly-spaced and haphazardly-located plants are very difficult 
to cultivate and can be weeded only with a great deal of time and effort. 
Crops planted in rows uniformly spaced, with sufficient distance between 
then, can be easily and quickly weeded. When soil conditions are favorable 
and the seedbed has been properly prepared, labor-saving, high-capacity 
tools and implements can be used for inter-plant cultivation and weeding 
to greatly expand the farmers capacity to control plant environment on 
larger areas. Weeding is considered the major constraint limiting the 
area that can be effectively cultivated by the small annus! crop farmer, 
especially tenants and share-croppers. 

Weeding has long been recognized as an essential practice by “a.mers. 
Pankistirst quotes an early account by Salt: 

In Tigre after the plowing, the womenfolk used rude, 

hooked instruments to break the clods and ‘most carefullv' 

picked out all the weeds; 1f this weeding, however, was not 

sufficient, men, women and children would collect when the 


corn was half. ripe and forming a line, would pluck out the 
weeds with singing and much merriment. 


Technical Factors and Constraints 


Hand Weeding Operations 


1) Tools and Practices 


Hand farmers have few tools and most of these serve several purposes. 
Tools used for inter-cultivation usually are the same tools used for secon- 
dary tillage and perhaps primary tillage. Various types of short-handled . 
hoes and a few long-handled hocs are owned and used by hand farmers in 
Equatorial “irica. They exist in different weights, shapes and sizes but 
usually are ligiter and wider than hoes designed for digging and primary 
tillage. Weeding sickles are not used as much in Equatorial Africa as 
in parts of Asia and the Far East. Ir a few areas, traditional chopping 
hoes are being replaced by lighter weeding tools where row cropping has 


been introduced. 


a) Ethiopia Bengtsson made a study of cultivation practices in 
the hand- and animal-powered highlands of central Ethiopia. While hoes are 
used in weeding, hand picking is still the most common method. He points 


out, however, "hand picking of serious tall-groving weeds is seldom carried 
———— — — — — — 


Tleichard Pankhurst, Economic History of Ethiopia, 1800-1935 (Addis 
Ababa: Haile Selassie I University Press, 1968), p. 187. 
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n72 Furthermore, "in spite of the plentiful weed- 


out between plowings. 
plants at planting time, there is no special wecding carried out before 
the seed is broadcast, ui? 

Soil burning is practiced also in certain areas in order to prepare 
fallow sod land for cultivation. Bengtsson says burning "is almost the 
only way of getting rid of all grasses and their roots. The loosened 
sod is collected and piled in heaps hy hand and set afire with burning 
dry cow dung, "7^ (Figure 2.5.) 

In the lowlands of southvest Ethiopia, (Pokwo/Agnale),. the narrow- 
bladed chafla (hoe) is used for weeding. The fields are weeded with the 
same hoe twice in the Spring and once in the fall in a normal season. The 
chalta ias a metal blade about 6 cm. wide by 8 cm. long which extends into 
a wrap-around socket 8 cm. long, into which a straight handle is usually 
inserted. The handle may be 90 cm. or longer. Sometimes a right-angle 
handle is used in place of a straight handle. (Figure 2.11.) 

The Awash Valley plantations (Middle Awash Settlement and Tendaho) 
and farmers have adopted a long-handled hoe with a rectangular blade 
similar to those used in Kenya and Tanzania except the blade is a little 


longer. (Figure 3.23.) 


b) Kenya and Tanzania The same jembe (hoe) used for primary and 
secondary tillage 1s used for weeding and inter-cultivation. Sometimes 


narrower blades are used to work closely around plants. Blades are being 
made in Nairobi by at least two firms and are sold through hardvare stores 
and farmers cooperatives. The blade is similaz in shape to the hoe 

in Figure 3.23. 


c) Ghana The hoe called a kpakpla has a medium length handle 60 
to 70 cm. long and either a squarish or round-shouldered blede 12 cm. wide 
and 15 cm. high set at an angle of about 60? with the handle. The blade 
can have a tang for insertion into the enlarged end of a wooden handle, 
or it may have a tubular socket into which the handle is fitted. Many 
variations exist, depending upon the preference of the local blacksmith 
and the accepted form in the community. (Figure 3.1 and 3.2.) 

In some parts of Ghana, particularly the southern forest belt, farmers 
also use a short-handled cutlass for weeding. It is shoved into the ground 
at the base of the weed to cut off the root. Small weeds are flipped out 
— — — — 

TZëengtssen, op. Cit., p. 5. 
Ibid., p. 21. 
WIER p. ll. 
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Figure 3.23 Long handle heavy hoe used for weeding in eastern Ethiopia 
The long steel blade is imported but well suited to this 
area where weeds are especially difficult to control on 
flood irrigated plains. In contrast to most traditionally 
used short-handled tools the people in this area prefer 
long handles.  (AFR-20) 





with the tip of the blade. Hand pulling weeds around plants also is common. 


d; Nigeria The Nigerians use a short-handled weeding hoe, called 
a gwuna, made primarily by village blacksmiths. The metal blade is hammered 
out of old auto metals. The triangular-shaped blade, about 15 cm. wide 
at the bottom gradually tapers to a pointed tang at the top which is driven 
into a hole in the handle head. The 60 cm. long handle gracefully curves 
to form a hand grip and the blade curves inward so the tip points back 
toward the operator. When the angle of the blade vith the handle is correct, 
it makes a very well-balanced tool. For weeding around random-spaced 
plants and on ridges, Nigerian farmers say it is much better than a long- 
handled hoe. (Figure 3.24.) 


e) Senegal and Ivory Coast Similar short-handled hoes, called 
dabus in Senegal, were observed in use in other parts of West Africa. The 
farmer works in a bent position and rapidly hoes the weeds out with one hand 
and shakes them with the other to enove the dirt from the roots. 

The women in Senegal use a special long-handled hoe called an iker or 
hilaine for preparing rice paddies. They normally work together in groups; 
sometimes an entire community will participate, led by one who sings and 


dances to encourage the others. (Figure 3.25.) The Ten has a flexible 
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Figure 3.26 





Figure 3.25 


Short-handled qarma weeding hoe This common hand tool is 

a popular tillage implement in northern Nigeria. For labor 
accustomed to stooping it is a very efficient weeding tool 
and especially well-liked for ridge farming. The blade is 
made by the local blacksmiths and the handle is generally 
very carefully selected and fitted Ly the farmer. (AFR-332) 
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Long-handled hoes in West Africa Women hoeing rice paddy 
with long hoes called hifaine in preparation for planting 


rice seedlings in the Casamance Region, Senegal. The 
handle made from a sapling has a natural right angle bend 
about 40 cm. from the blade end.  (AFR-522) 
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handle 190 to 220 cm. long to which is attached a small socket-type hoe 
blade from 6 to 8 cm. wide. The blade is positioned on a shaft at a right 
angle to the main handle at the root end of a sapling. 


2) Power Required 


All weeding hoes iu rquatorial Africa can be used by men, women or 
older children. Every fam has at least one hoe and often two or more, 
generally one for each adult member. Children are expected to pull weeds 
by hand. The biggest limitation in power for the hand farmer is the number 
of people he can muster for weeding. The tendency is to let the weeds get 
too large before attempting to control them. 

In Ethiopia as many as 16 to 38 weed-plants per crop-plants were 
reported by Bengtsson. He says that while farmers "suggest frequent weeding 
as a remedy", they do not practice it. Their "complaints are always the 
same, @.g. lack of labor and lack of cash, "^? 

Sommerauer compared the weeding capacity of various hand tools. He 
saye, "as against the weeding sickle's very low capacity of 3 m.^ per hour, 
the digging hoe's capacity is 70 to 150 m.”, and that of the pulling hoe 
200 to 400 m.^" He points out, however, that "if modern hoeing implements 
are to be used efficiently, crops must be planted in rows." For example, 
pulling hoes can not be used in mixed crops of spinach and onions which have 


been broadcast and stand close tonether, ^ 
3) Time Required 


a) In Ethiopia As a rule, cereal crops of wheat, barley and tegf 
are weeded once; maize and sorghum are weeded twice after a plowing carried 


out as the first weeding and thinning operation.” No time studies of work 


rates were made. 
b) In Nigeria Shambaugh states: 


The native Nigerian farmer has found it only expedient 
to farm as much as he can properly weed. With the equipment 
he is presently using, a single hand-farmer is only capable 
of taking good care of approximately three acres. Depending 
on the season, general field weeding will rarely need to be 
done before planting of millet, probably before guinea corn, 
but generally always before planting of greunenute and cotton 
which are planted at a much later date.” 





751bid., p. 45. 


764, Sommerauer, Smale Agricultural Implementa: Report to the Govern- 
ment of Afghanistan, Report No. 23, (Rome: Food and Agricultural Organiza- 
tion of the United Nations, May, 1952), p. 14. 


Bengtsson, op. cit., pp. 46-47. 
JB hambaugh, Mechanized Assistance to Hand-Fanming, p. 2. 
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Shambaugh gives a detailed summary of hand operations performed by 
one man with a hoe as his only tool in farming 4 hectares comprising 1.2 
hectares each of millet and guinea corn and 0.8 hectares each of ground- 
nuts and cotton. “The farmer, in caring for this area (large by present 
standards), was assisted by a 45-horsepower tractor and a special tillage 
machine at crucial times for certain operations such as primary tillage; 
once-over field cultivating, fertilizing and row-marking in preparation 
for hand planting; row-crop cultivation of all crops twice (except cotton 
only once), and putting a side-dressing of fertilizer on millet and guinea 
corn. The total hours of machine work for all these operations was only 
14.3 hours or about 3.7 hours per hectare. ^^ The special tillage machine 
developed by Shambaugh for assisting hand and animal farmers is called the 
Bornu Complete Tillage Machine and is described below under engine power. 80 

Shambaugh says, 

The farmer was busy for most of the crop season 

(April to August, 1968) and was a good worker... . 

With the assistance of the Bornu Complete Tillage Machine, 

the fields were clean and the crops looked very good at 

harvest time. [He further said] if the farmer had been 

farming any more than 4 hectares under this plan, all by 

himself, he would have been short of time for thinning 

and weeding and would have had to use additional machine 

work for weeding. 81 

Table III. ll summarizes the hand-weeding operations of one hired 
worker using a hoe in northeastern Nigeria. These hand-rate-of-work 
capacities, however, are higher than could be obtained with broadcast or 
randomly planted crops because the laborer is working in straight rows of 
spaced plants, which facilitates weeding. 

In another weeding tríal at Maiduguri in August, 1964, Shambaugh 
reported that hired hand laborers were able to weed row crops (doing no 
thinning) at a rate of 0.023 hectares per man-hour or 43.2 hours per hectare. 
These rates are probably much faster than average, since the men knew they 
were being timed. Had there been more weeds and grass present, the soil 
would have had to have been broken up into smaller pieces, requiring 


additional time and labor. 2" 


c) In Ghana Sokah made a study of tomato production in the south- 
ern Accra plains. Using a medium-handle kpakpla (hoe), it took four men 37 





7? 1bid., p. 8. 

80 cpambaugh, Bornu Complete Tillage Machine, p. 21. 

Blshambaugh, Mechanized Assistance to Hand Fanming, p. 8. 

82 shambaugh, Comparison of Hand and Machine Cultivation Costs, p. 5. 
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TABLE III. 11 SUMMARY OF HIRED HAND-LABOR IN WEEDING POUR HECTARES 
OF ROW CROPS: NORTHEASTERN NIGERIA 19689 


Time Rate Ccst 
hours |hrs./ha.|dollars/ha. 


Weeding before 1.71 
planting 


Thinning and 
close weeding 


Close weeding | Guinea 
Corn 
12-20 Close weeding | Groundnuts 
26-31 Close weeding | Cotton 


1-10 Weeding, Guínea 
second time Corn 


12-31 Weeding, Groundnuts 
second time 





“Shambaugh, Mechanized Assistance to Hand Fanmis:g, p. 7. 


Phased on wage rate of $0.11 per hour actually pait to hired labor in this 
area in 1968. 
Note: From June 26 to July 30, the farmer was assisted by a tractor tillage 
machine in weeding at critical times on each of the four crops by inter-row 
cultivation. While the total time spent in machine tillage was only 6.7 
hours, it met a critical need of rapidly weeding the large inter-rov spaces, 
allowing the farmer to concentrate on the in-row thinning and weeding during 
which time he was fully employed. 


hours to weed one hectare, or 148 man-hours per hectare. Tomatoes required 


three hand weedings for control, s" 
4) Skill and Management Required 


Based on five years' experiments in comparing different levels of 
power for crop production, Sham»augh points out, "When the farmer needs to 
hire additional labor for weeding, he often finds that it is not available 
because everyone is busy weeding his own crops at the same time, "9^ 
"The hand- and animal-powered farmers need to be assisted by tractor- 
powered machinery, but at the same time their labor must be used to the 


fullest extent of their ability, YOn 





83, kt. Sokah, Mechanical Superintendent, Greater Accra Region, Ghana 


Ministry of Agriculture, Amasaman, Ghana, Personal Communication, November, 
1968. 
84 


Shambaugh, Comparison of Hand and Machine “ultivation Costs, p. 3. 
85 


Shambaugh, Boanu Complete Tillage Machine, p. 1. 
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Since the normal hand planting operation is to plant a pinch of seed, 
thinning becomes a necessary practice as soon as the plants become well 
established. Close weeding alsc is done by hand at this time. 9 

The Nigerian farmer plants guinea corn and groundnuts after millet. 
If fields for these later crops are not cultivated before planting to kill 


all weeds, Shambaugh notes, "the farmer had to put in considerably more 
hours hand weeding gtoundhuta. ^" 

Even if farmers admit that they have a serious weed situation, they 
fail to realize the true significance of the weed competition. Hish yield 
increases often can be obtained by slightly intensified weeding which more 
than pays the additional cost of hired weeding. This has been shown in 
weeding experiments by CADU in Ethiopia. 


In Ethiopia Bengtsson reports: 


The present weeding efficiency means a weed plant 
reduction of about 50 percent, but this effect is only 
temporary, unfortunately. The environment will, however, 
favor both regrowth of once eradicated weeds and develop- 
ment of seedlings, left growing at the date of weeding. 
Therefore, the weeding procedure should be repeated sev- 
eral times, which is quite possible since the time require- 
ments do not necessarily mean a significant increase of 
working hours; the more frequent the weeding is carried 
out, the less weed plants. More intensified weeding may 
in the initial stage also be combined with row planting, 
preferably. This will apply to crops such as maize, 
sorghum and beans which easily could be hand planted. 


Broadcasting may be used but modified in the way 
that seeds should be dropped only in every third or fourth 
furrow followed by seed covering, thus giving a proper row 
spacing. This will facilitate the mere weeding which 
easily could be repeated without any risk of destroying 
the crop by broken plants. Furthermore, the row planting 
will lead the way to introduction of a simple long-handled 
hoe. Although these are major changes compared to the 
traditional method, they mean a very definite yield in- 
crease by which it would be relatively easy to adopt the 
new practice. It is a cheap method, it does not require 
any special investment, and its effect is drastic and 
easily demonstrated. The additional labor gives a good 
profit and particularly when combined with row planting 
when also seed may be saved. . .8 


Hopfen points out that: 


Crops planted in rows with regular, sufficiontly wide 
spaces and a soil that is not too cloddy, can be cultivated 





86 hambaugh, Mechanized Assistance to Hand Fanming, p. 6. 
87441: 
Ibid., p. 9. 


B P engtsson, op. c&t., p. 61. 
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with chopping hoes or weeding knives with great expen- 
diture of labor and time . . . a farmer and his family 
are able to cultivate only very small plots properly 
in this way. 


5) Costs Involved 


Adjusting Shambaugh's quoted rate for hand labor at the Farm Center 
in Maiduguri to present labor costs of $0.90 per 8-hour day or $0.11 per 
hour, hand weeding costs $4.89 per hectare, ^" 

In a comparison of hand operations and mechanical assistance to hand 
farming, Shambaugh recorded the actual times given in Table III. ll. For 
thinning and close weeding, the costs per hour ran considerably higher, 
depending on the crops and nature of weeds, ranging from $5.17 to $9.64 per 
hectare. The cost of the second weeding varied even more, depending on 
the crop and previous tillage practice. Low costs were associated with 


weeding guinea corn. 


Animal Weeding Operations 


1) Tools and Practice: 


Larger fields can be cultivated with modern animal-drawn implements 
rapidly and efficiently provided the crops are properly spaced and planted 
in straight rows with adequate space between them for the movement of 
cultivation equipment. Broadcast or irregularly spaced crops can only be 
cultivated laboriously with small hand tools at great expense of time and 
effort, Worst of all the weeding is only temporary because of the incom- 
plete and unsatisfactory nature of the work. 

Normally, crops are cultivated only in one direction since plants 
are randomly spaced in the rows. Sometimes if weed problems are serious, 
or if hand labor is scarce or too expensive, crops can be check-rowed and 
lined up perpendicularly to the rows to permit cross cultivation. This 
practice was observed in Senegal and is recommended by the Bambey tentre 
for Agronomic Research to animal-power farmers. (Figure 3.26.) 

The main purpose of inter-cultivation is to eliminate weed growth as 
a limiting factor in crop production. Crop rotations using row crops after 
small grains may be necessary to permit intensive weeding. One of the 
principal reasons for advocating row-cropping is to facilitate subsequent 


hoeing and weeding. Secondary objectives of inter-cultivation may be to 


89 opfen, op. Cif., p. 86. 
??Shambaugh, Bornu Complete Tillage Machine, p. 9. 
3lshanbaugh, Mechanized Assistance to Hand Fanning, p. 7. 
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Figure 3.26 Weeding by cross-cultivating rice A steerable ox-drawn 
cultivator developed at the Bambey Centre for Agronomic 
Research in Senegal and mounted on a French-designed tool- 
bar. Note the upright standards by each wheel onto which a 
platform or box can be mounted for hauling produce or sup- 
plies to market. In this French system the {mplement tongue 
is fastened to the yoke attached to the animals horns by 
Straps. Two operators are always required; one to drive the 
oxen and one to steer aud watch the implement.  (AFR-547) 





loosen and aerate the soll, ridge up plants, or side-dress with fertilizer. 
Many of the implements used in secondary tillage for seedbed preparation 
can be used for weeding and inter-cultivation. In some countries farmers 
may have only one or two implements that are used for all purposes, Tools 
made specifically for weeding are superior; several improved types of 
cultivators and weeders have been introduced in Equatorial Africa. Until 
sufficient demand can be built to warrant local manufacture, selected 
machines should be imported to acquaint agricultura] services and farmers 
with their capabilities. So far, more progress has been made in French- 
speaking western and central African countries to introduce better animal- 


drawn equipment. (Table III. 8.) 


a) Animal-drawn Hoes A light cultivator or hoe, pulled by a horse 
or a donkey, is a very common sight in Senegal. More are found in Mali, 
some 82,000 according to the 1965 census reported in Table III. 8. While 
single-purpose hoes are less expensive, there is a growing trend toward 
multiple-purpose tools and toolbars as described on pages 2-181 - 2-197. 

The most widely sold hoes in Equatorial Africa are tne single-row 
hoes, Occidentale and the Sine 7, developed by French manufacturers and 
made by SISCOMA in Senegal. They are simple multi-purpose hoes developed 
for inter-cultivation of row crops grown by small farmers in tropical and 
semi-arid climates. Each can be drawn by an ox, donkey or horse and consists 
of a front-wheeled twe-handled frame to which can be attached, at adjustable 


Spacings, three cultivator tines, two weeding shares, one large duck-foot 
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sweep and two tines, or one ridging body. The implement with attachments 
weighs about 15 kg. 

| The Lever-expansion cultivator, imported into eastern and western 
Africa from India, England and Israel, is a five-point one-row cultivator 
based on McCormick deim It can be easily and instantly adjusted by 
lever for different widths of row crops from 30 to 63 cm. (Figure 3.27.) 
Uses include seedbed preparation as well as inter-row weeding and culti- 
vation. The shovels are reversible for double wear, and right and left 
moldboards and double-face shovels are available for the rear gangs for 
throwing soil around plant roots or making small irrigation furrows. It 
weighs about 35 kg. and sells for $21.00 in Tanzania. 

Many of these units were imported into Ghana in the early sixtle., 
but they have not been widely distributed. Some remain boxed in the 
Ministry of Agriculture Workshops in southern Ghana waiting transfer to 
the northern and upper regions where animal power is used. (Figure 3.28.) 

For single and multiple rows the expandable horse hoe is a common 
implement world-wide “or deep row-crop inter-cultivation and weeding. Many 
width adjustments and patterns of tines are used. The implement is steered 
with two handles at the rear, and an adjustable front wheel controls the 
depth. 

A more advanced version known as the steerage horse hoe is a multi-row 
implement with a two-wheeled fore-carriage and a tine frame. Steered 
independently of the draft animal, it allows precision cultivation, 
important in most crops grown in rows. 

Multiple-row tools are being introduced with ox-drawn toolbars and 
toolframes, but expensive single-purpose tools such as the steerage horse 


hoe are not likely to become popular in Africa. 


b) Rigid-Tine Animal Cultivators For inter-row cultivation and 
final seedbed preparation, the cultivator normally has wide blades or shovels 
designed for shallow work. Flexible and semi-rigid tines are more expensive 
and are draft-saving only at fairly high speeds. They have no advantage 
with slow animals over rigid tines fixed to a solid frame. Hopfen states: 

The cultivator is a very versatile implement derived from 

the symmetric ard. . . It is used for clod breaking, stubble 
mulching, seedbed preparation and seed covering in arid zones 


either on dry or irrigated land, for weeding and inter-row crop 
hoeing. In semi-arid regions where draft animals are sufficiently 





32 ossul and Company Private Ltd., 123/367 Industrial Area, Krnpur, 
India; Charles Weir, Ltd., Townpark Works, Strathaven, Lanarkshire, Scotland; 
and Technohac Agricultural Machinery and Implements, ltd., Petah-Tikva, 
Israel. 
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Figure 3.27 Cossul (Indian) 1ever-expansion cultivator Once commonly 
used in small f..ms in western countries, this tool has been 
introduced into Asian agriculture and is now entering 
African countries. While it is basically a cultivator, a 
variety of shovels and attachments can be added. It can 
be pulled by a single animal but it should be well trained 
for single operator control. The width is adjustable from 
25 to 63 cm. but this mechanism makes it much more compli- 
cated than the 3-tooth single-handle cultivator shown in 
Figure 3.29. (AFR-510) 





Figure 3.28 Boxed improved hand- and animal-powered tools in western 
Africa These tools, primarily cultivators, maize shellers 
and pedal ríce threshers, were imported 3 to 6 years ago 
for demonstration and trial by small farmers. (AFR-366) 
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strong, the moldboard plow is being replaced more and more 
by the cultivator for primary tillage. This implement, 
nomally drawn by a pair of animals, consiats of a cross- 
bar and uzually five curved staggered tines.?3 


The German Rhino cultivator was tested at Samaru and "good crops of 
94 
LE 

The 


cultivators, which were on the Northern Region Standardization List from 


guinea corn and groundnuts were grown without any hand weeding. 


1957, are still used at Samaru, although they have been replaced to some 
extent by a newly designed weeder which is more suitable for tied ridges. 
The working rate is 6 to 10 hours per hectare, but the cultivators do 
not work well in wet soil. Price in 1964 was about $30.00. 

Braun tested the Ulysse Fabre hoe in Niger by harnessing a donkey 
with a longer rope (4.5 m, instead of 3.5 m.) around the breast. He said, 
"lateral movement of implement can be easily made to allow hoeing between 
plants in rows and it reduces hand labor to a uirium <= 

Braun also made an experiment using a single ox as a craft animal to 
hoe millet with a tool carrier Atara. He used a single neck yoke, two 
chains 2.5 meters long, a single bar and the Atara toolbar equipped with 
50 cm. sweeps. Results were excellent and the single neck yokes of Swiss 
origin worked very dell." 

The Indian-type single-handle cultivator is a three-tine cultivator 
patterned after the traditíonal breaking plow with a long rigid beam and 
set of shovels attached. The width can be adjusted easily by bolting the 
tines to different holes ín the frame. Depth is adjusted by changing the 
height of the bean in relation to the frame with other holes. Models from 
various firms are available with sweeps of different sizes. One of the 
simplest, a RN cultivator made by Cossul, weighs 16 kq. and can be converted 
into a moldboard plow, vith or without a seeding att. chment. (Figure 3.29.) 

The Vikas Jr. cultivator has a more intricate frame aud several more 
attachments. In addition to the moldboard plow and weeding attachment, a 
ridger plow and fertilizer distributor are available. The cultivator 
weighing 16 kgs. is similar to Figure 3.29. 


c) Animal-Drawn Blade Harrows A typical Indian implement for 





93 opfen, op. cit., pp. 63 and 66. 


9 Haynes, A Baieg Review of Mechanization Experiments in Northern 
Nigeria, p. 14. 


354.3. Braun, Niger: Development of Agricultural Use of Animal-Dnawn 
Plows in Niger: Report to the Government (Rome: Food and Agricultural 
Organization of the United Nations, 1967), p. 4. 


WIR p. 2. 
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Figure 3.29 Cossul RN or Vikas Jz. (Indian) simplified animal cultivator 
Distinguished by a single handle, these inexpensive three- 
tooth cultivators are designed around the conventional 
breaking aid concept. A long rigid tongue utilizes the most 
popular type of hitch for animal-power using the ox team. 
The row coverage spacing can be varied by rebolting the 
teeth in selected holes of the cross frame. These units can 
be produced locally by a trained blacksmith. (Photo courtesy 
of B. Karlsson, CADU/SIDA, Asella, Ethiopia, April 1969) 
(AFR-460) 


destroying weeds, described by Hopfen, may have a place in tropical climates, 
particularly in arid and semi-arid climatic zones. It is good for secondary 
tillage and inter-cultivation, provided the ground is even and free of 
stones and big roots. It consists of a sharp steel blade, with a working 
width of about 40 to 60 cm., carried on two supports fixed to a wooden beam 
or iron frame with a central pole for two-yoked animals. The slightly 
declined blade drawn through the upper soil level produces a good mulch and 


destroys weeds.”' 


d) Flexible Animal Harrows These units are used for weeding and 





very light tillage during early stages of crop growth, seed-covering and 
spreading manure on pastures. Constructed of light metal rods and bars, these 
units could be easily fabricated by small workshops and metal industries 

in developing countries. While not used to any extent in Equatorial Africa 

by the small farmer, flexible harrows have large potentíal. This harrow 

is sometimes constructed so that one side has longer teeth to provide two 


harrows in one. (Figure 3.30.) 





3 Wop£en; op. cit., pe 63. 
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Figure 3.30 Agra (Israeli) simple all-steel semi-flexible harrow In 
areas where the breaking plow is the only implement owned 
by most farmers, there is a need for some type of secondary 
tillage implement, particularly for seed coverage. This 
type could be made in a developing country from modular 
steel pieces or assembled from standard impocted components. 
Many styles and configurations are available.  (AFR-537) 





2) Output, Power, Time and Labor Required 


a) Single-Row Hoes ruwer required is a donkey, small horse or ox. 
Output of the lever-expansion five-shovel cultivator ranges from 1.2 to 


1.6 hectares per 8-hour day while the German Rhino cultivator's work rate 
varies from 0.8 to 1.2 hectares per 8-hour day. Man-hours run from 5 to 
10 hours per hectare. ‘One man can guide the cultivator and a well-dis- 
ciplined an.mal at the same time. In most cases observed a boy or woman 
leads or rides the animal. 


b) Muiti-Purpose Two-Row Toolbar Cultivators No research data were 
available on the capacity. In Senegal, farmers were observed using toolbars 
for two-row cultivation. In all cases, two men operated the implement, 
one man driving the oxen and the other man steering the toolbar cultivator. 
(Figure 3.26.) 

Power required two oxen and output is estimated at 1.6 to 2.4 hectares 
per 8-hour day. Man-hours with two men are 6 to 10 hours per hectare. Two 
men are needed with normal whip and voice control, but this could be reduced 


to one man and 3 to 5 hours per hectare by using the Indian system with 
nose rings and lines. (Figure 3.31.) 


c) Single-Row Indian-type Cultivators (Manufactured by Cossul and 
Co. Pvt. Ltd.). Power required is two oxen, although cultivators could be 
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Figure 3.31 Improved nose ring and line syetem (European and Indian) for 


ox control Along with improved animal tools and implements 
there is a need for better methods of hitching and control- 
ling draft animals. For good work and most efficient use 
of implements animals must be taught to walk in straight 
lines and be quickly and easily corrected when necessary. 
Using the yoke system without lines, or with lines only to 
the head or horns, adequate control cannot be obtained ex- 
cept by using at least two operators and leading the animals. 
With individral nose rings and lines, one man can control 
both the implement and the animals, the accuracy depending 
on degree of training of man and animals. (Phouv courtesy 
of B. Karlsson, CADU/SIDA, Asella, Ethiopia, Apr11, 1969) 
(AFR-468) | 


modified for single animal draft by replacing the rigid pole with two shafts, 
or possibly a singletree and two ropes. Output, according to the manufac- 
turer, is 1.2 to 1.6 hectares per day for either the RN three-tine cultivator 
or the Vikas Jr. three-tine cultivator. With a single operator the time 
required is 5 to 6.6 man-hours per hectare. Unlike straddle-row cultivators, 


these single-handled implements can be operated between the rows by one man. 


3) Skill and Management Required 


Weeding is the animal-powered farmers most sev re limitation. 
Although he has greatly increased hís capacity to prepare land for planting, 
he is often unable to effectively weed it with the traditional techniques 
and tools at his disposal. Two prerequisites must be met if the animal- 
powered farmer is to be able to keep his crops clean and free from damaging 


weed competition. 


a) Pre-Planting Weed Eradication First, he must do a betteA job 
of seedbed preparation and preplanting weed control. In Ethiopia, this 
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means developing a more effective system of primary tillage either by 
improving tie indigenous plow or replacing it with a more effective tilla; 
implement. Even with three to four plowings, as Bengtsson found, 
The soil surface is only scratched by the plow and 
there is little weed control. [He also noted] no hand- 
weeding takes place, neither between different plowings 
nor before planting . . . it is not surprising to note 
220 weed plants, as an average per square meter in fields 
prepared for planting. [He said] farmers seem to be avare 
of the weed situation and emphasize that weeds are of 
particular importance in their crop production, but they 
do nothing about it. 
in northern Nigeria and Ghana, the ground gets very hard as it dries 
out. Shambaugh says the primary tillage with a chisel-plow or heavy-duty 
field cultivator should be done "as soon as possible after harvest before 
the ground becomes excessively hard. The ground is left with as large 
clods as possible in order to absorb the maximum amount of moisture from 
the first rains, as well as being a very poor seedbed for encouraging the 
growth of early weeds, "^? For field weeding, he recommends the use of 
wide-sweep shovels (such as 40 cm. wheatland sweeps) overlapped 5 cm. to ¢ 
off all weeds. It is advisable to kill all of the weeds before planting 
when there are no plants that must be saved. No weeds should be allowed | 
get over 5 to 8 cm. tai, 19° 
Most animal-powered farmers make the mistake of allowing weeds to 
become too large befor: attempting to eradicate them, or they simply plant 
in weedy fields hoping to be able to get rid of the weeds by early hoeing 
or hand weeding. If the farmer has done a good job of primary tillage, 
few weeds will impede plant growth in normal weather. Depending on the 


season, general field weeding will rarely need to be done. 


b) Row Planting for Weed Control Secondly, the ox-plow farmer 


plant in rows properly spaced and aligned so that he can employ more prodi 
tive, time-saving, less expensive and effective means of weed control. Wh 
chemical herbicides can control most weeds, they are much too expensive nc 
for the emergine farmer in Equatorial Africa in his present stage of econo 
and agricultural development +7! In the meantime with more diligent and 
frequent weeding by hand, hoe or animal cultivation, all facilitated by 


spaced-row-planting, the farmer'can greatly improve his economic returns. 





S engtscon, Op. Cit., pp. 58-60. 
??Shambaugh, Mechanized Assistance to Hand Farming, pp. 4-5. 
100,, . 
Ibid., p. 5. 


102 engtason, op. Cit., p. 50. 
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High yield increases may be obtained by slightly intensified weeding at 
small added cost. 

Bengtsson states, "emphasis should be put on simple innovations, one 
of which is thi row planting combined with regular weeding. The row 
planting will facilitate the weeding and the regular weeding will raise the 

102 
yields. 


planting, a much greater increase in output can be achieved with improved 


While hand weeding and hoe weeding are aided greatly by row 


animal-powered weeding implements. 

Using a single-animal one-row hoe, a farmer can clean out most weeds 
in 5 to 10 hours per hectare. And by cultivating two or three times per 
month instead of hand weeding once, he can achieve greater weed control 
in one-sixth of the time even allowing for three cultivations, each at 
ten hours per hectare. Some hand weeding may still be needed, but it would 
be less urgent and much easier. If planting is done by hand and the farmer 
later uses some form of multiple row, animal-or engine-powered cultivation, 
the two rows must be exactly parallel. Shambaugh says, "with two evenly 
spaced parallel rows, two rows at a time may be cultivated at any time after 
the emergence of the plants, even before thinning if desirable . . . an 
extra cultivation costs very little and a much better job can be done when 


the weeds are mali, 10? 


Harvesting and Threshing 


Harvest oparations comprise cutting of stalks; separation of heads, 
pods, or ears; digging of roots, tubers and nuts; and collecting, gathering 
and handli-g of crops. Plants growing above ground such as small grains, 
forages and grasses, are usually cut off with some type of sharp knife or 
Sickle; those growing under the ground, like groundnuts, yams and cassava 
are dug up with forks, hooks, or spades or lifted with special digging 
tools or implements. 

For hand- and animal-powered farmers, threshing is usually a second 
operation performed at or near the farmstead. Ears of maize, however, 
usually are husked in the field before being transported to the storage 
area. More advanced engine-powered machines cut and thresh a husk simul- 
tanecusly in the field. Gathering and handling of harvested crops with 
hand and animal power is accomplished with various tined tools, baskets 
and containers, sleds, carts and wagons. ngine-powered equipment includes 


self-unloading ‘wagons, trailers, elevators and loading devices. 





102 Tb id. 
12 3stiambaugh, Mechanized Assistance to Hand Farming, p. 6. 
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Technical Factors and Constraints 


Hand Harvesting Operations 


2) Tools and Practices 


Most hand tools are made by the local artisan or by the farmer himself. 
Processing equipment and techniques are generally very functional and un- 
refined. A few simple improved hand-operated machines are available in 
Africa, and some units are being manufactured ín or near the capital cities: 
Nairobi, Kenya; DareeseSalaam, Tanzania; Accra, Ghana; Lagos, Nigeria; 
Abidjan, Ivory Coast; and Dakar, Senegal. A new metal tool factory, 
Ethiopia Private Tool Company, Ltd., is being established in Addis Ababa, 
Ethiopia. Special efforts are being made to encourage local enterpre- 
neurs to start small manufacturing industries in most other countries. The 
Irdustrial Development Center (IDC), a joint USAID/GON project to assist 


8m2:l industry in northern Nigeria, is an example, 10^ 


a) Ihe Sickle Of all harvesting tools used in the world today, 
the sickle is the most universal and ancient of harvesting tools. Huffnagel 


describes two Ethiopian types: 


* + . the common sickle for grain and the Gurage sickle 
used mainly for cutting grass. The grain sickle is more curved 
with a handle 10 to 12 cms. long and total length of blade of 
35 ems. The handle and blade of the grass sickle is the same 
length but the blade is wider, 2 1/2 compared to 2 cms. for the 
grain sickle . . . The Ethiopian sickle has a serrated edge 
filed on the blade to increase its efficiency.! 


Hopfen says, 


The sickle is still widely used cll over the world to 
reap cereals, particularly paddy rice which has soft but 
tough straw and is easily shattered. Serrated sickles are 
more common in Afríca soutn of the Sahara, in Arabia, in 
southern and central Iraq, in southern Iran and in Pakistan 
and India. Sickles with smooth edges made of good quality 
steel are generally used in the northern parts of the Medi- 
terranean, in parts of Turkey and the Unite! Arab Republic, 
in northern Iran, Iraq, and Afghanistan.l 


The sickle is a one-handed tool permitting the other hand to be used 
to grasp and gather the cut stalks and place them in piles or in a Swath. 


(Figure 3.32.) Some sickle hlades are half-moon, others are made in a 





104) industrial Development Centre, Technical and Management Assistance 
for Small Scale Industries, (Zaria, Nigeria: Industrial Development Centre, 
n.d.). 


105g p, Huffnagel, Agriculture in Ethiopia (Rome: Food and Agricultural 
Organization of the United Nations, 1961), p. 160. 


106 opfen, op. Cit., p. 98. 





Figure 3.32 Harvesting flax with the hand sickle in Ethiopian highlands 
The hand-powered farmer's most important harvesting tool is 
the ancient sickle. Changed little over centuries of use it 
is still commonly used in developing countries wherever 
small grains are grown. It is favored because it is very 
inexpensive and can harvest rice which has a slippery stalk 
and is easily shattered. Most sickles are made by local 
blacksmiths from available metal.  (AFR-346) 





quarter-circle and a few shaped like a stork's bill. Generally, the cutting 
edge is perpendicular to the handle axis. 


b) Scythe This tool used with two hands originally vas designed 
for cutting grass in place of the slower and tiresome sickle. When 
equipped with a suitable collecting device, called a cradle, the scythe 
can be used to cut small grains. The modern scythe has a blade between 
70 and 110 cm. long for grass and cereal cutting and a shorter 40 to 50 
cm, blade for light brush cutting. ‘lopfen says, "A good length for multi- 
purpose blades is 75 to 80 cm. Longer blades require a skilled operator 


and even stoneless lang, "107 


Narrow blades are generally preferable because 
they are easier to handle and because they maintain their straight ^dge. 
The edge of wide blades tends to become corrugated when hammered. The 
blade width at the heel should not exceed 10.5 cm. for grass and wheat 
but should be wider for crops with thicker stalks. 
Ground blades require sharpening on a grindstone and are most common 
in Europe today. Hammered blades are sharpened with a hammer and small 
anvil, and are preferred in hot climates because they are less liable to 


breakage and less fatiguing to use. Both types of blades may be sharpened 





107 15d, , p. 102. 
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in the field by whetting with a suitable sharpening stone. Hopfen says, 
"after about 120 cutting swings, a blade needs whetting and this gives the 
operator a short rest . . . When whetting no longer provides a razor-sharp 
edge after roughly 5 to LO hours of work the mild steel blades should be 
1108 
hammered. 
In reaping with the cradle, actual moving is done in semi-circular 
sweeps from the operator's right side to left. Hopfen points out: 
Since the transport of the cut material, not the cutting 
itself (if the blade is weil-sharpened) is the tiring part of 
the operation, the worker should stand with his right foot 
Slightly forward, so that his body faces slightly to the left 
of his straight advancing position. He thus achieves the best 
position, towards the end of each cutting sweep when it becomes 
harder to accomplish. 109 
Gabathuler suggests the scythe as a substitute for the sickle. He 
says, “The scythe is a cheap and very efficient tool and any farmer can 
use it without prolonged instruction . . . During the demonstrations, the 


scythe was accepted quite enthusiastically, "21° 


c) Scythette This one-handed tool for grain reaping was not obser- 
ved in use in Equatorial Africa. The cutting edge of the slightly curved blade 
is on the outside edge of the long crank handle and is used like a machete to 


cut downward on a slant. 


d) Machete This heavy knife is used widely in Equatorial Africa 
for harvesting large, thick-stalked plants like sugar cane, sisal, maize and 
sorghum and for general clearing and brush cutting. It is used also in some 
areas for weeding, digging holes, sharpening poles and dressing lumber. 
Common blades range from 4 to 6 cm. wide and 40 to 60 cm. long, and appear 
in a wide variety of shapes. 

A very important and widely used tool, the machete is produced by 
manufacturing plants in Africa: in Accra, Chana; Port Harcourt and Abeokuta, 
Nigeria; and with at least three more being planned in Abidjan, Ivory Coast; 
Zaria, Nigeria; and Addis Ababa, Ethiopia. The R. Martindale and Company, 
Ltd. which makes the Crocodile brand in Nigeria and distributes them in 
western and eastern Africa, makes 27 standard patterns of blades, ranging 
from 28 to 56 cm. long and weighing from 396.9 to 935.6 —** (Figure 3.33.) 

10810 d, , pp. 106 and 113. 

109 b d. p. 112. 


aed ^ Gabathuler, Smale Agricultural Implements: A Report to the Govern- 
ment of Ethiopia, Report 194 (Rome: Food and Agricultural Organization of 
the United Nations, 1953), p. 9. 


H orocodite Machetes gor West Africa and East Africa, Catalogue No. 105. 
(Birmingham, England: Ralph Martindale and Company, Ltd.). 
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Figure 3.33 Southwest Ethiopia: Grass cutting by machete Machetes are 
used almost universally to cut brush and grass in Equatorial 
Africa. There are no draft animals in this area because of 
the prevalence of trypanosomiasis (carried by the tsetse 
fly) and other serious livestock diseases. This grass is 
used prinarily for roof thatching. (AFR-68) 





e) Digging Forks and Hooks Where animal-power is not available, 
root crops like groundnuts, yams, cassava, potatoes, beets, must be dug out 
with hand tools. Digging forks or hooks made by local blacksmiths are used 
but imports with strong durable teeth are needed to withstand the very hard 


ground. 


f) Maize Husking Tools Most hand farmers rip off the husks and 
break the ear from the stalk with their bare hands. Often the stalks are cut 
off close to the ground with a machete and piled before husking out the 
ears. A few maize farmers in Ghana and Tanzania use a metal hook to rip 
open tough husks. Special husking gloves with a metal palm hook were not 


seen in use. 


g) Small Grain Threshers Hand farmers use simple flailing sticks 3 
to 5 cm. in diameter and from l to 2 m. long to beat the kernels out of the 
heads. The grain is normally spread out on a special threshing floor of 
hardened mud or well-trampled and consolidated soil. More elaborate flails 
like the Chinese rotating-end-flail were not observed in Equatorial Africa. 

Since rice is a relatively new crop in Africa, threshing-gates or 
sleds have apparently not been introduced. Although oarley, wheat and flax 
are tied in sheaves, they are not thres'ed by beating the heads against 
slanted gates because they are more difficult to thresh. This is particularly 
true for the new high-yield varieties like Kenya I wheat. 
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Pedal-operated or hand-operated drum threshers, common in Asian rice- 
growing countries, ire rarely used in Eq':^torial Africa. A few models have 
been brought in for trial by the Bovernments of Ghana, Nigeria, Ethiopia, 
Kenya and Tanzania, but so far they have not been actively promoted by the 
agricuitural extension services. In general, commercial farms are unwil- 
ling to sell, service, and distribute drum threshers unless there is suffi- 
cient demand from farmers and strong support from Bovernment advisory ser- 
vices. 

With more rice being grown in western Africa, and increased interest 
in eastern Africa, there is a place for a small hand-operated grain thresher 
which can be adopted to engine-power later. A typical machine has a revol- 
ving drum fitted with teeth or bars driven by a connecting rod and crank 
at a speed of 300 to 400 rpm. The grain heads are held against the 
revolving drum until the grain is beaten out. The machines are relatively 
inexpensive, portable, and light (35 to 80 kg.) but according to Hopfen, 


"satisfactory only when the grain is easily detachable from the 


they are 
stalks, as with rice, but not wheat or barley." In another type of drum 
threshers "the whole wheat 1s passed through the machine but the man-power 


needed to operate it is high, "H7? 


h) Maize Shellers Most hand farmers shell maize by rubbing two 





ears together or by rubbing one ear with a cob. Very few hand farmers own any 
processing equipment except the mortar and pestle used to prepare flour from 
whole grains. 

A few small, single-ear crank-operated hand shellers for maize were 
seen in Kenya, Ethiopia, Ghana, and Nigeria. Most have been imported from 
India, United States, and Poland. The simplest version is a small cast 
iron model which is clamped on a box or board. A single ear fed into the 
throat is grabbed by a vertical rotating toothed disk and rolled over a 
stationary shelling plate. The shelled corn drops out the bottom and the 
cob discharges from the side. A larger, more elaborate model, once very 
popular in the United States, has a feeder, vertical shelling disk, picker- 
wheel with teeth on the inside, a device for holding the ear against the 
shelling disk and possibly a winnowing fan and cleaning sieves. One model 


is available from England for about $40 at the factory. 11? 





—— Op. cit., p. 123. 


Hr ooa for Progresa 1967/68, (London: Intermediate Technology 
Development Group, R. Hunt and Company, Ltd.) 


2-244 


i) Groundnut Shellers Quite a few groundnut shellers were obser- 
ved in West Africa, but their use is not as wide spread as one might expect. 
The sheller has a semi-circular screen against which oscillating shelling 
bars crush the shells and allow the nuts to drop through the screen. 

(Figure 3.34.) Various screens are available and must be properly sized to 
prevent breaking the nuts. In northern Ghana, Yenli reported the shellers 
were not being used because the local groundnuts were extra large and 
damaged by undersize screens Although coarser mesh screens were said 
to be available through John Holt, Ltd., little emphasis was placed on using 
the sheller or fitting the correct screen size. 

In northern Nigeria, Haynes said the only hand-operated machine in common 
use is the groundnut decorticator. Worked by one or two men, the decorti- 
cator rapidly removes the shells at a rate over 50 times faster than hand 


shelling. About half of the decorticators are made in Nigeria at about 
336,00, 1? 





Figure 3.34 Mechanization centers have a variety of equipment including 


hand- and animal-powered tools These rocking action ground- 
nut shellers were made in England and are satisfactory when 
correctly adjusted and the proper scrcen size is used, “These 
units have been stored under cover and are still in good 
condition after 5 or 6 years. (AFR-262) 


2) Power Required for Hand Harvesting and Threshing 


Nearly all cutting, digging, husking, threshing, and winnowing 





114 


115 Haynes, "the Development of Agricultural Implements in Northern 
Nigeria," p. 23. 


Yenli, op. cit., April, 1968. 
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operations are carried out by individuals. They may work in groups, but 
each tool is used by one person. One-handed tools are the sickle, scythette, 
machete, maize and groundnut shellers and winnowing fans. Other tools 
require both hands such as the seythe, digging hoes and hooks, threshing- 


flails, drum threshers, and winnowing baskets. 


a) Hand Digging Waynes studied labor requirements for lifting 
groundnuts for three different methods of planting. Planting in the flat 
not only gave the highest yields but required less labor to lift, clean, 
pick and shell. The labor required for lifting groundnuts with hand hoes 
in three experiments is snrown in Table III.12. While the output of hand 


labor employed is low, the labor requirement is very ligi, S 


TABLE I11.12 LIFTING GROUNDNUTS WITH HAND HOES:  NOATHERN NIGERIA 




















Site Samaru Samaru Kano 
Method of planting Ridge Flat on bed Flat 
Reference NPG Trial? | Table III? Table v^ 
Average yield 

kg. per hectare 1162 643 1285 





Lifting, man-days per hectare 
Cleaning, woman-days per hectare 
Picking, woman-days per hectare 


Shelling, woman-days per hectare 
Total days per hectare 409.4 500,0 210.4 


"Haynes, A Brieg Review of Mechanization Experiments in Northern Nigeria, 
pp. 16-17. 


b) Hand Threshing In threshing upland rice yiclding 1683 kgs. per 
hectare, Haynes reported: 


It required 98 woman-hours per acre [242 woman-hours per 
hectare] by the traditional methods, Sin e hinged-flails did 
not speed up the work, but. four men, using a tong (a threshing 
box containing a ladder against which the rice heads are beaten), 
took 80 man-hours per acre [197.5 man-hours per hectare]; the 
men, however, were loathe to undertake what they considered to 
be women's work. 


i V taynes, A Baieg Review of Mechanization Experiments in Northern 
Nige'ra, p. 16. 
Se ud... ps 17: 
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c) Drum Threshers Most pedal-operated and hand-operated drum 
threshers are very tiring to operate. Two operators can take turns running the 
machine to allow for rest. With some threshers both men can work together. The 
hand-operated drum thresher requires high manpower for operation and Hopfen 
says, "it seens to have few if any advantages ovei indigenous appliances 


described eariisr, "tS 


d) Groundnut Decorticators Haynes tested various types of ground- 
nut decorticators and says: 
The nomal hand-operated types have a throughput of about 
300 to 350 lbs. [136 to 159 kgs.) per hour, but the time [per 
hectare] for the whole operation varies greatly depending on 
the strength of the wind for winnowing the mixture of shells and 
nuts. The power required is about 0.14 lp., which is more than 


the average man can develop continuously, and a shift of two men 
working is normal. 


Simple stripping-tables reduce the time required for picking 
nuts by about one-third but are not popular with the vomen workers, 
who prefer to sit at their work.11? 


3) Time and Labor Required for Hand Harvesting and Threshing 


a) Sickle Mowing Harvesting small grains with a sickle is very 
slow work. In eastern Africa farmers often work in groups of two to eight 
when harvesting crops. Gabathuler reported that with Ethioplan sickles, 


20 
] Sommerauer, in 


"the amount of work per hour is about 80 to 100 m. on 
a time and motion study in Afghanistan, recorded similar results in mowing 
wheat in two studies showing "the rate of work was 129 i per man-hour. 
«e» This figure is, no doubt, rather near the upper limit of the working 
capacity anu would therefore be tco high as a standard for continuous 
It should je noted that when using the sickle for cutting small 
grains or grass, the men usually work in a squatting position in Africa 
as well as in Asta. 

For mowing grass with a sickle, Hopfen indicates a work-rate of about 
100 m.” per man-hour. He says, "green crops can be cut five times faster 
with a scythe than with a sickle. About 500 m." can be mown in one hour, 


provided the land is flat and free from stones." Thus for mowing grass 


or forage crops, the sickle {s slow with a comparative work-rate of only 
about 20 nercent. 

1 
Suen fen, up. Cit., p. 123, 


Miaynes, A Bates Review of Mechanization Experiments in Northern 


Nigeria, p. 17. 
120 


121 
122 


Gabathufer, op. cit., p. 5. 
Sommerauer, dp. Cit., p. 5. 
Hopfen, cep. cit., p. 112. 
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b) Scythe Reaping Hopfen states, "Grain can be reaped with a 
cradle three times faster than with a sickle on flat fields with uniformly 
standing crops, "173 

Gabathuler says, "The area that can b^ mown with a scythe is about 
500 m per hcir when cutting grass for hay production, and about 300 * 
per hour when cutting cereals . . . from three to six times as much as with 
a sick]e, "17^ 

Sommerauer reports, "if we calculate the mowing performance of a 
sickle as 100 ai^ per man-hour . . . the efficiency of scythes as compared 
with that of sickles would be 5:1 for mowing green crops, 3:1 for mowing 
grain with a cradle; and 2 to 2.5:1 fer mowing grain with the usual scythe, 


including gathering." ! ^? 


c) Hand Picking In Nigeria, Haynes reported labor required for 
cotton harvesting by hand (two pickings) in the spraying trials at Makwa 
averaged 79.3 and 80.3 man-days per hectare. The yield of seed cotton was 
1142 and 1468 kgs. per hectare, respectively. 1^9 

In Ethiopia, a study was made of newly settled Afars picking cotton 
for the first time, January, 1968. For this survey five people were selec- 
ted, two men and two women in their late thirties and one man twenty years 
of age. They picked a total of 926 kgs. of seed cotton in seven day +, 
averaging 26.45 kgs. per person per day. On the average, each person picked 
3.5 kg. per hour which may be high, since they were doing their job more 


carefully than komal 


4) Skill and Management Required 


The scythe is a more efficient tool for mowing than the sickle, but 
it requires more skill and attention to use and keep sharp. Ground blades 
are subject to breakage but mild steel blades must be hammered. Hopfen 
points out, "scythe hammering is difficult and skilled work . . . It takes 
about half-an-hour to sharpen a scythe blade properly, "128 Also, the land 


must be flat and free from stones to permít the scythe to be used efficiently. 


bes bd, 
124 


12 


Gabathuler, op. cit., p. 9. 
5 : 
Sommerauer, op. CCt., p. 12. 


fb aynes, A Brieg Review of Mechantczatéoa Experimenta. in Northern 
Nigeria, p. 15. 


tel seyoun Solomon, Research Assistant, Institute of Agricultural 
Research, Addis Abib:, Ethiopia, Perscnal Communication, February, 1968. 


——— op. CCC. , p. 107. 
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Both Gabathuler and Sommerauer, who introduced scythes into Ethiopia and 
Afghanistan, reported that the farmers learned quickly and became quite 
expert in handling them, 17? Most farmers can use it without prolonged 
instruction, 19 

One problem with any equipment is keeping it properly adjusted. With 
simple fixed-blade tools, the farmer simply adjusts himself to them and 
develops skill and dexterity. Simple machines like groundnut decorticators 
and pedal-or hand-operated threshers, however, require special skills to 
keep them in adjustment. Haynes reported such a difficulty with the correct 
adjustment of groundnut decorticators. 

Decorticators which are not properly set are difficult 

to use and break many of the nuts. While no special skill is 

needed to make the adjustments, it requires patience and the 

proper tools: one set of spanners, one silver gauge and one 

packet of grease. The beater bars must be set so they are 

just over one-half inch from the slotted-concave and at the 

correct angle to it. This is checked simply with the silver 


gauge. The gauge is pushed under each bar “n turn and the 
bars pressed down until they rest on the gauge. 


Haynes emphasizes: 


Tizhten all the bar nuts TAKING CARE NOT TO MOVE THE 
BARS . . . CHECK EACH BAR WITH THE GAUGE AGAIN! If it is 
found that the bars are not correct, they must be readjusted, 
At first it may take an hour to adjust one decorticator. 
All this time is wasted 1f even one bar is too close to the 
concave. 


5) Costs Involved 


Based on the time and labor data given for the various hand tools 
and implements and the previously suggested wage rates for Ethiopia and 
Nigeria, the following costs can be determined for selected hand-powered 
agricultural operations in these two countries. To avoid the complication 
of assuming different wage rates, these data are also given in man-hours 


per hectare. 
Animal Harvesting Operations 
1) Introduction 


In areas of Equatorial Africa where animal power is used, most har- 


vesting is still done by hand. Animal-drawn implements are used basically 





12? Gabathuler, op. cit., p. 9. 


1306 mmerater, op. t., p. 12. 


131p wm. Haynes, Interim Report on Tests on Ox-draun Implements as 
Groundnut Lifters (mimeographed) (Zaria, Nigeria: Second Meeting of 
Agricultural Engineers, November, 1964), pp. 24-27. 


2-249 


TABLE III. 13 WORK RATES AND COSTS FOR SELECTED HAND HARVESTING OPERATIONS: 
ETHIOPTA AND NIGERIA 


Operation 


Ethiopia 2 
Mowing grass Sickle 80 m.z/man-hour 0,05 


Reaping grain Sickle 100 m. ,/man-hour «05 
Mowing forage Scythe 500 m. ,/man-hour .05 
Cutting grain Scythe with|300 m. /man-hour 05 
cradle 
Pounding grain | Mortar & l, kg./woman-hours 
pestle 1000 kg./125 days „08% 


Nigeria 
Picking cotton | Hand 80 man-day/ha. .11 


Digging 

groundnuts 

" on the ridge | Hoe 139 man-day/ha. .11 

" in flat bed Hoe 118 man-day/ha. ll 

" on flat Hoe 77.1 man-day/ha. 

. Shelling 

groundnuts Hand 55.7 man-day/ha. oll 

Threshing rice | Hand 182 man-hours/ha. .11 
sticks 

Threshing rice | Tong 198 man-hours/ha. all 
ladder 





for only one operation in western Africa, lifting groundnuts. Otherwise, 
the small farmer does all of his harvesting by hand, including digging 

yams, cassava and potatoes with a hoe, hook or spade; cutting off the heads 
or stalks of sorghum, millet, guinea corn, sugar cane and maize with a knife 
or machete; husking maize by hand; picking cottcn, cocoa beans, peas, 
palm-nuts and other bush and tree crops by hand; cutting small grains such as 
rice and wheat with a sickle, and cutting specialized fibre-crops like 

henaj with a special machete, 

Forage crops of alfalfa and clovers are seldom grown. Short grasses 
are cut with a grass sickle, and tall rank-growth, such as elephant-grass, 
is whacked down with a machete. Burning is still a common practice observed 
extensively in October in northern Ghana and Nigeria, and in southwestern 
and southern Ethic via, to get rid of unwanted vegetation after harvest or 
before tillage. 

In eastern Africa and particularly in Ethiopia, cattle, but not imple- 
ments, are used almost exclusively by animal-powered farmers to thresh small 
grains. Animals are not used directly in other harvesting or threshing 
operations, except to move bundles of grain from the fields to the threshing 
floor, or to haul straw into town for sale. Nearly all products are hauled 
on the backs of animals, except for a few sleds used in the fields and carts 


for transport near towns and larger cities. The animal-powered farmer cuts 
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his wheat, barley, flax, sesame, rice and te44 with a sickle; husks his 
maize by hand; cuts the heads or stalks of sorghum, millet and maize with 
a machete; picks cotton, coffee, tea, pyrethrum by hand; and slices off 
the sugar stalk or sisal leaves with a special machete. In a few areas 

a limited threshing service may be offered by settlements, cooperative 
farms, agricultural research stations, private hire-services or large 
farmers to a few nearby farmers. But for the most part, the small farmer 


is strictly dependent on his own hands and the hooves of his animals. 


a) Cutting and Harvesting Implements The animal-drawn mower, 
used extensively for cutting green forage and hay crops for livestock in 


temperate regions, is not found on African small farms. The mower with a 
buncher, the reaper with a gathering platform and the binder with the 
automatic bundle-tyer are equally scarce. Even the simple animal-drawn 


maize cutting sled is not used in Equatorial Africa. 


b) Threshing and Decorticating Machines The threshing sled 
common to Asia and the Middle East is an unknown device in Equatorial Africa, 


as well as the threshing roller pulled by animals in the Near East, Pakistan, 
India, Spain and Portugal. When animals are not available to thresh grain 
by trampling, the grain is beaten out with sticks or rubbed out by hand. 
There is a great shortage of animal-powered equipment available for har- 
vesting on threshing in Equatorial Africa. 

Admittedly, costs in Africa to transform linear animal motion into 
rotary-power for operating stationary threshers, processing equipment and 
decorticators forestall popular use. This can best be performed on a 
community-wide basis today by one or more engine-powered units. The present 
state of small internal combustion engines development is too far advanced 
to justify costly investment in less efficient. animal-powered stationary 
power units. But the bulk of the emerging arimal-powered farmers! field 


harvesting operations await improved animal implements. 


c) Transportation and Hauling Equipment This is an important 
part of harvesting operations long neglected for the African animal-powered 


farmer. Suitable carts at prices the small cultivator could afford, would 
probably become the most used piece of animal-powerad equipment on the 
African farm, as they have in most other advanced animal-powered areas of 


the world. 
1) Tools and Practices 


a) Digging Methods and Tools The groundnut lifter is the most 
important animal-powered harvesting machine in western Africa. It is 


obtainable as a special purpose tool or as an attachment for a multiple- 
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purpose toolbar, toolframe or basic plow. A number of tests have been con- 
ducted in Nigeria to evaluate manufactured lifters currently available, 

and to develop new-type lifters for espectally difficult soil conditions. 
Haynes reported in 1964 that the most favored ox-drawn lifters (Ariana, 
Samaru lifter and Kano Ring) reduced the hand labor requirement in half, 
and the other satisfactory ones (Emcot, Samaru Multiple-Purpose, Sine and 
Arara) reduced the labor by one-third, 13? 

The basic chassis toolframe of the Ariana groundnut lifter is mounted 
on skids or wheels to which is attached the heavy-duty groundnut digger- 
blade. The shank is offset to the left so that the vines pass straight 
back without obstruction. The unit straddles ridges readily and has good 
penetration. Haynes said the Ariana showed great promise in western Africa 
as a multí-purpose animal toolframe and the lifter was one of the best 
tested, The machine was easy to control and could be handled by one ma 
(Figure 3.35.) 

The Arara groundnut lifter is made by SISCOMA under license from Arara 
Manufacturers in France. Originally assembled from imported parts from 
France, it is now completely fabricated in the Senegalese factory, Basically 
it is designed as a groundnut lifter convertable into a hoe, moldboard 
plow or ridging plow. Weighing 23 to 24 kgs., it consists of a heavy 
rectangular hollow beam to which are attached simple V-shaped handles and 
a strong standard carrying a duck-foot blade. The blades come in three width 
of 20, 35 and 50 cm. and are symmetrically mounted to travel down the center 
of the row. 

The Sine 7 hoe with groundnut lifter is designed as a hoe; the frame 
is much lighter but can be used with the same .'fter attachment supplied 
on the Arara. (Figure 3.15.) À special adapter and chain are needed to 
attach the heavy standard to the smaller Sine frame. The lifting blades 
are identical. It is made under license from Mouzon Nolle. 

The APLOS Mark IV toolbar with lifter attachment is a horizontal knife 
blade about 40 cm. long supported on each end to form a U. It is fastened 
to the rear of che lift frame of the toolbar by clamps which permit vertical 
or horizontal adjustment. (Figure 3.36.) The unit straddles the row and is 
said to have good penetrating and lift characteristics. No test results 
have been published. 

As now used by farmers, the Emcot plow as a groundnut lifter is the 


basic ridging plow with the right and left moldboards and wings removed. 





13 tbid,, p, 56, 
13ibid., p. 57. 
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Figure 3.35 Ariana (French) multi-purpose tool frame with roundnut 
lifter and wheels One of the least expensive improved tools 
designed for modern animal power, this versatile tool carrier 
can perform all basic tillage and cultivation operations. 

It can also be equipped with a seeder or a groundnut lifter 
as shown here. This implement and its attachments are being 
manufactured in both eastern and western Equatorial Africa. 
Relatively few sales have been made so far, however, because 
even the cost of this tool when produced in small numbers is 
prohibitive to subsistence level farmers; and the cost of its 
introduction is great to developing countries. (AFR-299) 





Figure 3.36 APLOS (British) multi-purpose toolbar with groundnut lifter 
Patterned after the design developed by the NIAE, this 
wheeled toolbar adds another dimension of mobility to the 
usefulness of multi-purpose animal-drawn tools. It can be 
equipped with either a forward or rear positioned lifting 
lever to permit the operator to either ride in front or 
walk behind the soil and plant manipulatory parts. The 

` Manufacturer offers other improved implements such as rid- 
ger, and a chassis for an ox cart. (AFR-515) 
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The point and shin are used to rip open the ground to make it easier to 
finish digging out the nuts. More gleaníng-time is required than for speci- 
ally designed lifters. While an inexpensive substitute for the small 
Nigerian farmer already possessing this ridger, it is more difficult and 
fatiguing to handle, S 

The Emcot plow groundnut lifter attachment is a special offset blade 
which is bolted to the tip of the plow-beam in place of tle ridging body. 
Two versions are currently available. One made by Ransome is an extra- 
long horizontal blade offset to the right. On the model seen, no provision 
was made to overcome side-draft and the blade looked exceedingly long. 
Sales, distribution and acceptance are not known. 

A prototype model of a special adapter and blade assembly developed in 
northern Nigeria 1s shown in Figure 3.37. This unit has been developed 
by Shambaugh with the Industrial Development Center of Zaria, to be made 
by local blacksmiths. A heavy 35 cm. blade is offset to the right and 
bolted onto the beam. A cross-bar with built-up ends is bolted to the front 
of the plow-beam. To this is attached a pair of wheel standards on each 
end to carry the regular ridging-plow depth-control wheels. A brace from 
the hitch center line of draft back to beam rear offsets side-draft. With 
over 60,000 Emcot ridgers in northern Nigeria, this attachment offers a 
good opportunity to expand the capability of farmers aiready using animal- 
power. 

The Samaru lifter is a special purpose low-profile lifter supported 
on two rear wheels straddling the row developed by the Agricultural 
Engineering Section at the Institute for Agricultural Research, Ahmadu 
Bello University, Zaria, Northern Nigeria. It proved to be one of the 
best lifters in tests but was expensive (ten times as high as the Kano 
Ring) and the Institute was not able to interest anyone in manufacturing 
it. Only a few were made and none are being sold today. It ca. be handled 
by one man and the working rate was the best of all lifters at 0.3 hectares 
per Neues 

The Samaru multi-purpose lifter is similar to the model above designed 
to take a variety of attachments. It was built in limited quantities 
for trials by Project Equipment Ltd., Salisbury, Wiltshire, England. The 


frame is offset to the right so nuts and vines spill over the back. It 


134 


135 ; ; ; ; r 
Shambaugh, Summary of the Development in Progressive Mechanézatéon 
sos the Hand and Mixed Farmers in the Savannah Zone of Northern Nigeria, 
p. 19. 
136 : 
Haynes, Interim Report ou Tests on Ox-dhawn Implements as Groundnut 
Liito!, p. 56, 


Ibid., p. 58. 
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Figure 3.37 Shambaugh groundnut lifter attachment for the Emcot Ridger 
Since there are already so many (over 60,000 units) Emcot 
ridgers in northern Nigeria, there is a big opportunity to 
change the present system of lifting groundnuts with the 
Emcot minus its winged moldboards. This attachment bolts 
onto the plow beam in place of the ridging plow and converts 
the Emcot into an effective groundnut lifter at relatively 
low cost. The Industrial Developmeut Center with which 
Shambaugh 1s affiliated has begun to hold special in-service 
training schools to teach village blacksmiths how to make, 
repair, and service the attachment.  (AFR-512) 





is pulled with a short chain attached to a short tongue. 

The Kano ring-lifter, built in small quantities by the Kano Native 
Authority, Kano, northern Nigeria, was designed to overcome regional soil 
conditions. It did not perform as well in some other areas. Basically, it 
is a large hoop positioned so the bottom quadrant runs underground and scoops 
out the ridge. It was expensive to make, requiring special steel for the 
ring. Time was needed to clear blockages and the soil was not disturbed as 
much requir’ 3 more hand shaking to separate the nuts from the dirt. The 
average measured draft was 102 to 125 kg. pull, 177 The price was about 
$14.00. 


b) Threshing Methods and Implements In Ethiopia, nearly all 
grain threshing is done by animal trampling, often on special open-air 
threshing floors. Animals are also used in parts of Kenya and Tanzania 
where animal farming is traditional; and in Ghana and Nigeria to a very 
limited extent. Leander describes the method; 

Threshing is normally carried out duving the dry months 

of December and January. The work can L^ divided into four 


separate phases: 
Phase 1: The present custom of threshing the grain 1s 


137 ibid., p. 57. 
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and cows) over the harvested grain shockz placed in a 
circle on the bare earth. (Figure 3.38.] 

Phase 2: With the help of a fork-like tool of wood, 
the straw is separated from the grain heads. 

Phase 3: The oxen are once again driven over vhe 
threshing place, nov in order to thresh out the grain from 
the heads. 

Phase 4: The chaff is now separated from the grain 
with a grain shovel made of wood, 138 


Huffnagel writes: 


Wooden forks and shovels 50 to 60 cms. in length and 
20 to 25 cms. in width with 60 to 70 cms. handles are "sed 
to toss the grain into the wind and to sort out the chaf f 
and straw from the grain. A further cleaning operation is 
performed with sieves and bowls. 





Figure 3.38 Threshing in Ethiopia In Chilalo Awraja threshing is done 
almost entirely by driving cattle over the loosened bundles 
of grain. After separation the grain and chaff is cleaned 
by winnowing the mixture by hand in the wind. The daily 
output of such a system is about 250 to 350 kgs. of unclean 
grain. This work, which continues for 1.5 to 2 months 
strains the oxen and many deaths are reported. (AFR-54) ~ 





Wind cleaning also is accomplished by giving a light and continuous 
movement to a grain-filled basket held chest high to let the grain drop 


and the chaff blow ager 








138 
139 


Leander, op. Cit., p. 42. 
Huffnagel, op. cit., p. 161. 
140,,. 

Ibid., p. 146. 
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Bengtsson reported that insect damage is related to broken seed, and 
says: l 


Seed damage by insects is observed but to a less degree 
than usually claimed. The threshing method influences the 
amount of broken seeds and the use of a threshing machine 
has last year given ten times as many broken seeds as the 
traditional method (threshing by oxen). 


An improvement over animal hoofs is the addition of a very simple rub- 
bar thresher using the ground as a stationary plate. Undoubtedly such 
devices are used in Equatorial Africa but the Team saw none during its 
travels. For the fow income gammer in Ethiopia, there is certainly room for 
this simple improvement and it could be made and promoted without mucn cost, 
Turkey, in fact, reported 2.33 million sleds in use in 1666; ^*^ Hopfen 
describes this device as: 

» .« « an animal-drawn implement consisting of two wooden 

boards, slightly raised in front, which are fitted with short 

pegs, serrated knives or hard stones, ínserted into holes on 

the underside of the boards. The operator stands on the imple- 

ment, to add weight, and this is dragged over the crop spread 

on the floor, the knives or pegs rubbing out the grain and 

bruising the straw. l 

A more efficient animal-powered thresher has been developed for use in 
Portugal, Spain, Egypt and India. It is patterned after an old stone-roller 
threshing cylinder, which probably originated in China. While threshing 
rollers and disks are used in southern Europe, northern Africa and the Near 
East, they have not been introduced into the small-grain growing countries 
of eastern Africa, surveyed by this Study. The machine consists of a “ibbed- 
roller or two or three rows of partially meshed disks mounted on a frame. It 
is pulled by animals over the grain spread on a threshing floor. Hopfen 
says: 


The disk thresher, known as the no'ag in the Near East, 
has iron disks about 45 cms. in diameter and about 15 cms. 
apart, with a seat and ts drawn by a pair of animals. The 
crop is spread in layers 30 to 50 cm. deep and is turned over 
with wooden forks while being threshed. The grain obtained 
is not clean and has to be ,separated not only from chaff but 
also trom dust and dirt. rain is also likely to be broken and 
some not threshed or eaten by the draft animals. The whole 
process is rather slow, but it has the advantage that the straw 
is bruised. 144 


141 
142 
143 


Bengtsson, Op. Cit., p. 60. 

Central Treaty Organization, op. CCt., p. 36. 
Hopfen, op. CCt., p. 120. 

“bid. pp. 120-123, 
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In India, a spectal rolling-thresher, the "Olpad Thresher", consists of 
a frame with two or three axles on which are mounted 8 to 20 toothed and 
ribbed 45 cm. diameter disks with 15 cm. cast-iron spacers between. The 
disks made of 10 gauge steel sheet pulverize the straw and separate the 
grain. In operation, the machine is pulled around the circle of straw on 
the threshing floor. (Figure 3.39.) Constantinesco says, "It is considered 
(ive tines faster Or Separating grain grem the cars than the cld trampling 
method, "^? Well designed models bave safety guards over the disks to pre- 
vent injury to the operator, and to provide him with a comfortable seat and 
back-rest. An extra raking attachment can be fitted behind for stirring 
the straw during threshing. Threshers made by one manufacturer (Cossul) arc 
available in 8, ll, 14 and 20 disk sizes and weigh 92, 110, 125 and 190 kg., 
respectively. Capacity varies according to weight and number of disks. 
In the smart gradi areas vi eastern Agzéca, the notling-disk thresher could 
have a tremendeus impact en the farming metheds and attitudes e$ tradi tional 
subsistence farmers now threshing with animal twranpling. 


c) Cutting Methods and Implements The oscillating cutter-bar 
mower, used extensively in the temperate region for cutting forage, hay and 
green crops, is virtually unknown in Equatortal Africa. Experiment stations 
and settlement farms have a few, but the traditional farmer has little use 
for it. Since he grazes his animals and has very small fields, he is not 
accustomed to making hay for livestock. With his rudimentary knowledge of 
machinery and lack of experience ín properly adjusting close-fitting parts, 
he would have more than the usual trouble with this complicated piece of 
animal-powered machinery. Hopfen suggests, "Where labor is abundant and 
rather cheap, the introduction of the animal-drawn mower is unnecessary, 
especially in areas where the released labor cannot be employed to advantage 
SE 

The mover used for harvesting cereals, the reaper for cutting and wind- 
rowing grain, and the binder for cutting and automatically bundling sheaves 
are not found in the traditional animal-farming areas of Equatorial Africa. 
These machines are all more complicated than a mower, and with the present 


limited demand, high costs of production , deficient mechanical background 





145 1. Constantinesco, Report en a Visit to the Far East te Study Indigeno 
and Imacved Fam Implements and Machinery for Small Peasant Farmers án the 
Tacpics, (mimeographed) (Rome: Food and Agricultural Organization of the 
United Nations, 1961), p. 10. 


146 op£en, op. Cit., p. 115. 
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Figure 3.39 Olpad (Indian) thresher for threshing grain with animal 
power Compared to trampling out the grain with hooves, this 
simple machine can greatly accelerate the task of threshing 
small grains where animals are the traditional source of 
power. The machine is pulled over the sheaves by an ox 
team and parallel sets of disks rub out the grain. The 
straw is turned by men with forks or it may be stirred by 
an attachment fixed to the rear of the device. The grain 
must be cleaned after it is separated. (Photo courtesy of 
N.C. Khanna, Cossul and Co. Pvt. Ltd., Kanpur, India) 





and lack of supporting services they probably vill not be used to any great 
extent in Equatorial Africa. 

The Mouzon Fréres Company of France manufactures a reaping machine 
for developing countries consisting ot a two-wheel cart equipped with a 1.5 
meter sickle-bar cutter. The cutter bar, mounted just in front of the right 


wheel, 1s ground driven. 
2) Output, Power, Time and Labor Required 


a) Groundnut-Lifters The power, lifter-capacity and man-hours 

required to dig and glean groundnuts with different ox-drawn lifters is 

given in Table III. 14. This series of trials was carried out in cooperation 
with the Kano Agricultural Research Station during October, 1964, to determine 
the extent to which damage occurring during lifting influenced the development 
of aflatoxin in groundnuts. Three implements of different characteristics 
were compared with two methods of hand lifting during the main trial. The 
opportunity was taken to test four other implements at the same time. The 


report dealt only with mechanical performance of ox-machines. 
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TABLE LIL. 14 EFFECTIVENESS OF GROUNDNUT LIFTERS: 
KANO, NORTHERN NIGERIA 19649 


Nuts 
Damage left as 
gleaning 
bv wt. 
man-hours | percent | percent 
Samaru Lifter Ox-d*-awn 3.36 41.0 74 9.13 
Ariana Multi- Ox-drawn 3.56 45,2 .71 10, 74 


purpose 
Sine Lifter Ox-drawn A . 66 14.12 


Emcot Ridger Ox-drawn A n.a. 

Kano NA Ring Ox-drawn g ` 1.01 9.56 
Lifter 

Arara Lifter Ox-drawn 14.51 
Samaru Multi- 
purpose (Pro- 
ject Equip- 
ment Ltd.) 

Hand Lifting Man 86.5 to 8.23 

93.8 


“Haynes, Interim Report on Tests of Ox-drann Implements as Greundnut Listers, 
p. 59. 


“Labor for hand wind-rowing. 


Ox-drawn feck E 8.58 





On working rates Haynes concluded: 


The implements fell into two distínct classes, those 
stra'dling the row, which averaged [0.28 ha./hour] and 
those running down the centre of the row, rveraging [0.19 
ha./hou-] intermediate, with a working rate of [0.234 ha./ 
hour] pe: hour. A direct comparison was possible since 
the Ariana (straddling the row) aid Sine (centre of row) 
used the same soil-working parts: ina yiyen time, the 
Ariana lifted 29.2 percent more acreage.1“7 


In another test, a comparison was made between the standard Emcot 
ridging plow modified for lifting and a special purpose lifter. Table III. 15 
shows the comparison; man-days are about double for the Emcot, while the 
gleaning times are over fovr times as hígh. 


TABLE III. 15 COMPARISON CF TWO OX-DR'W IMPLEMENTS FOR LIFTING 
GROUNDNUTS; NORTHERN NIGERIA 





Emcot Plow” Samaru Lifter 
Days per | Hours per Davs per | Hours per 
Operation Laborer hectare | hectare hectare hectare 
Lifting Cattle & 4.2 33.6 2.1 
Plowman 
Man 8./ 67.2 4.0 
Gleaning Woman 133.0 1064.0 28.9 





“taynes, A Brieg Review of Mechanization Experiments in Northern Nigeria, p. 16 


Standard ridger with moldboards removed. 


147 ibid., p. 61. 
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b) Threshers In south central Ethiopia, an average farmer can 
thresh 200 to 250 kgs. of grain per eight-hour dav using 4 to 8 oxen and at 
least 2 men. One man drives the oxen around in a circle and the other loosens 
and turns over the trampled straw after the oxen pass over the spot several 
tim . The men generally take turns with their jobs. 

The threshing is done in small batches yielding 100 to 150 kgs. de- 
pending on the quality of grain. With the old native varieties of wheat and 
barley, one batch can be trampled in 2 1/2 to 3 hours, but farmers complain 
the new high-yielding varieties like Kenya I, take about 4 hours, or from 
40 to 60 percent longer. For this reason, farmers like Kenya Supreme which 
threshes a little easier. l^" 

Gabathuler reported: 

Most of the threshing is done by oxen trampling the out- 

spread sheaves until the grain drops out . . . The output of 


a three-man team with four oxen is approximately 200 to 350 
kgs. per cay. 1^ 


An FMC International Study team in 1967 reported: 


Grain narvesting and threshing require at least two 

munths and transport to market takes another month. Because 

of lack of storage . . . prices fall just as harvesting 

begins.l50 

A simple threshing sled probably would Increase threshing efficiency 
from 150 to 200 percent or give a rate of 300 to 500 kgs./day with 4 oxen 
and 3 men. Normally, one pair of oxin is used at a time but, since this is 
strenuous work for them during the dry season. they are alternately worked 
and rested. 

One manufacturer of the Olpad thresher reports a daily output of 350 kgs. 
for an eight-disk thresher to 850 kgs. for a 20-disk model. These rates 
depend on the quality of grain, the amount of stra., the variety and ease 
of separation, as well as on the energy of the operators and livestock. At 
this tate the Olpad is about 50 percent faster for the smallest size, up 


to 3 to 4 times faster for the 'argest size. 
3) Skill and Management Required 


a) Groundnut-Lifting The Kano Agricultural Research Station made 


198i Ohlsson, Extension and Adult Education Advisor, Chilalo Agricul- 
tural Development Unit, Addis Ababa, Ethiopia, Personal Communication, 
March, 1968. 


VS cabathuler, op. Cit., p. 6. 


150 Cc Report to USAID, Agricultural Development: Potential gou 
Investment in Morocco, Kenya and Ethiopia (San Jose: FMC International, 
September, 1967), p. C-14. 
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these augsestiung: ^! 


1. To help in controlling fungal infection, it is important to lift 


groundnuts at the correct time with as little damage as possible. 


2. Where the Emcot or any other implement is used, the plowman must 
throw debris from blockages to the side to avoid crushing of the nuts by 


cattle on subsequent rounds. 


3. Implements which straddle the row are markedly more efficient 


(about 30 percent) than those working down the center of the row. 


4. It is unlikely that machines cause significantly more damage 


than hand digging when the machines are used properly. 


5, For proper drying, it 1s recommended that the vines and nuts be 
inverted on top of the ground, requiring about 10 to 15 percent more time 


than normal for shaking and laying the vines flat on the ground. 


b) Threshing with Animals Skill and energy are needed to keep 
cows moving on an open-air threshing floor. Usually the best trained ox is 
used as the pivot in the center of the ring, and the other animals circle 
around him. In some areas, animals are reported to be lashed together. 
Care must be taken not to underthresh new varieties contributing to high 
losses or to overthresh it to crack or damage the kernels. Farmers should 
know the threshing characteristics of each major variety, how much straw 
should be cut with the grain, low dry it should be before threshing and 
how long it takes to thresh it out. Precautions must be taken to select 
and prepare the threshing floor so that dirt, stones and debris do not con- 
taminate the grain or increase losses and make it difficult to clean. Oxen 
that scave we for feed during the dry season are not in the best condition and 
caution must ve exercised to avoid overworking them. A number of cattle 
deaths occur due to strain during the long threshing season. The threshing 
season may last 2 to J months and with increased yields from new harder- 
to-thresh varieties, the grain will be exposed more fo weather hazards and 
to insect and rodent attocks unless more efficient threshing methods are 
adopted. 


5) Costs Involved 


a) Groundnut Lifting Few detailed cost analysis studies have been 
made on animal-powered crop-production operations. Since animal -power is 


always combined with a large amount of hand-power (generally referred to as 


— — — — — —— 


15! iaynes, Interim Report on Tests of Ox-dracn Implements as G^oundiict 
Ligters, p. 62. 
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mixed-farming), the total cust is largely dependent on the costs of hand- 


labor. For purposes of comparison in Table III. 16, a standard labor charge 


of $0.11 per kour for hand-labor, and a charge of $0.45 per hour for two 


oxen and a driver, is hased on current rates in northern Nirvertfa. 


TABLE III. IC COSTS OF LIFTING AND HARVESTING GROUNDAUTS WITH ANIMAL 


AND HAN) POWER: NORTHERN NIGERIA 19689 
Hand labor" Cost of 
wind- animal 
rowinp Ower 
hrs, fit, dollars 















Cost 





Anima” 
digging 
lirs./ha. 






Implemene Labor 






dolla 






































Samaru Ring |? oxen 3.26 41.0 1.51 ék de 
Ariana Maid- | 2 oxen 3.55 45,2 ].61 4.97 

board Plow 
Kano NA Ring | 2 oxen 3.85 1.73 5.76 

a. A "- 
Geen E 2 oxen | 4.27 02.3 1.93 6. 82 
Sine 2 oxen | 4.59 47.4 2.08 9442 
Emcot Ridger | 2 oxen | 6.03 51.4 22 5.66 
Hand Hoe ] man - 87 to 94° - 9,5) 
ta ] 


a : 
"and-labor charge is $0.11 per hour based on hired tabor char 
Animal-power charge is $3.60 per 8-hour day, based on custom 
lifting. 


b i 
Data for hours extracted from Haynes, [itetó» Report on Tests 
Implements as Growrdiut Légtess, p. 56. 


“Digging is included in the labor tor wind-rowing. 


In another study, Moczarski computed the hours required b 
and cattle in producing groundnuts in a system with vattle use 
earthing-up and lifting. The animal-harvesting operation took 
to five days per hectare, and accounted for $5.25 out of a tot 
9274.74, or roughly 2 percert, 

In general, the use of animal-drawn implements reduces th 


requirements of lifting groundnuts by one-third to one-half. 


b) Threshing with Oxen The traditional method of t 
grains by trampling is used throughout Ethiopia and ín certain 
Equatorial Africa whercver animals are traditionally worked. 
in Table III. 17 on trampling is based on observations in the 
of south central Ethiopia and on comments from farmers. The d 
improved methods is based on manufacturers’ quotations on disk 


capacities and estimates of improved output with sled-devices. 


hand- 
labor 







of 
Total Cost 
harvesting 
rs dollars/ha. 

6,03 

6.57 

7.48 

l 8.75 

7,29 

8.38 


9,52 
0. 33 to 10.33 


ge. 
charges for 


es Medran 


v man, woman 
d for ridging, 
onlv three 


al cost of 


e labor 


hreshing small 
other areas of 
The information 
Asella area 

ata on the 
-thresher 


As the costs 


of labor and ox-power go up, there is greater advantage in more modern 


methods. Likewise, as new, héighe*-yéetdéing varieties are introduced, as 


more agricultural inputs are employed te-xntens Än productien, 


uid as erop- 


ping areas are expanded, the greater is the comparative advantage of mech- 


anical power and machire-assisted methods. 
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TABLE III. 17 ESTIMATED COSTS OF THRESHING WHEAT WITH OXEN BY VARIOUS METHODS: ETHIOPIA 
i Based on current average charges in the Central Highlands, 1968 


varieties 


Traditional way: 

1. Trampling 

nativ: varieties 

2. Trampling : 

improved varieties 

Fossible 

inproved ways: l 

3. Threshing sled 

native varieties 

4. Threshing 

sled-improved 

varietiesf 

5. Glpad 

thresher-native 

6. Olpad threshe 
-etig 


mg . PC S 2 5 


“Man labor charge based on rate $.40/8-hour day ($0.05 per hour). 
bAccording to CADU's studies, the average farmer owns three oxen and the b 
which follow the oxen. Thus, if a farmer uses three oxen and five cows, 


half that of the oxen. 






cost per batch 
dollars 


No. l Ox Machine Total 
Threshing of Labor, labor Ownership threshing | Quantity 
method i nen| oxen Labor Ox labor |costs |costs osts 


1.35 


1.80 


homemade 


homemade 


.125 


DK 


Cost ki 
` per 

quintal 
dollars 


0.37 


0.41 


0.28 


0. 31 


alance of the animals are cows, horses or bulls 
the charges for the cows would be approximately 


Cox-labor for trampling based on estimated wear-and-tear cost of 50 percent of normal working charge for plowing at $1.20 


to $1.60 per 8-hour day for a pair of oxen and driver (0.075 to 0.10 per ox-hour). 
cost of $0.04 to 0.05/ha., the higher figure is used. 
-labor for pulling a sied or disk-thresher is based on reg 


higher figure is used. 


Cost charged at 50 percent, gíves a 


ular charge of $1.20 to 1.60/day or 0,075 to 0.10/hr., the 


CRegular oxen are used, and if farmer cannot borrow a fourth, he will have to let them rest more, prolonging the time to 


.thresh out his grain. 

fImproved varieties like Kenya I and Kenya Supreme 

8Based on a 20-disk thresher costing $120.00, used 
20 percent for repair and maintenance cf 0.01/hr. 


adhere more tightly and are harder to thresh out. 


240/hrs./year with lO0-years' life. Depreciation equals 0.05/hr. plus 


for a total of 0.06/hr. for machine ownership costs. 


Processing, Pumping, Handling and Transportation 


. Technical Factors and Constraints 


Hand Operations 


1) Tools and Practices 


a) Winnowing Devices After threshing by beating with sticks, 
trampling with animals, or running through simple machines, the grain is very 
dirty and contaminated with large amounts of straw, chaff, weed and plant 
seeds and inert material. Hand-cleaning by shaking sieves, tossing the 
mixture into the air, or pouring it above the ground in the wind is a 
` time-consuming and difficult task. 

In Equatorial Africa, the most common method used by hand farmers is 
wind separation. Wooden forks are used to throw the straw into the air to 
separate it from the grain, chaff and small pieces of foreign material. 
(Figure 3.40.) Next, wooden shovels are employed to toss the grain and 
chaff mixture into the wind to separate the grain from the lighter fractions. 
To further clean the grain of any remaining weed seeds winnowing baskets and 
sieves are frequently used. Effective winnowing depends on sufficient wind 
to separate the materials. Winnowing could be greatly speeded up by making 
antificiak winds by hand with oscillating o^ rotating fans. This process 
is sometimes used in Asia, but it was not observed in Equatorial Africa. 

Ma says, "when natural wind is not strong enough, farmers use a [rectan- 

gular] fan to blow air for cleaning." The fan is made with a bamboo frame 
and covered with cardboard over four-fiftls of its surface. A strip along 
one side is left open for gripping with the hands. 2" 

Baskets are used for cleaning small quantities of graín. A flat shell- 
shaped basket is shaken with a circular or forward and upward motion. The 
chaff and dirt work to the upper end of the basket and are discarded while 
the heavier grains are collecting on the lower side. The method produces 
& very clean sample and requires only simple equipment but, as Hopfen points 


out, "it is however extremely slow, "5? 


Open-weave baskets are sometimes used as winnowing sieves. In use, 
the baskets are suspended from a tripod and shaken or stirred to move the 
grain downward through the mesh. Light chaff and foreign matter drop through 


to be blown away while heavy chaff and straw stay on top. The simplest 








152p, C. Ma, Preliminary Study of Farm Implements Used in Vietnam, 
Chinese-American JCRR Plant Industry Series No. 24 (Taipei, Taiwan, China: 
April, 1963), pp. 171 and 41. 


1534 pfen, op. cit., p. 126. 
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Figure 3.40 Winnowing grain in Ethiopia A farmer in Chilalo Awraja is 
winnowing the grain from the straw by tossing it into the 

air with a wooden fork. This wheat had been threshed 
earlier that morning by trampling with animals for 3 to 4 
hours. The farmer stated it would take him about a day to 
separate the coarse straw from the grain and chaff using 
this method seen commonly in the highlands of Ethiopia. 
For this work he will obtain 100 or 150 kg. of grain which 
Still must be cleaned by women to remove the chaff from 
the grain.  (AFR-150) 


winnowing fan supplies an artificial wind to permit cleaning grain when there 
l is not natural breeze. It is a 2, 3, 4 or 6-bladed wooden or metal fan 
mounted in a wooden housing, turned by hand crank, belt or chain. Bearings 
may be used from old cars, bicycles, or small trucks. While this method 
is rather tiresome and does not grade the grain, it is far superior to 
hand winnowing in the wind and could greatly expedite the cleaning of grain 
after threshing. Grading for size can be done later with hand sieves. While 
rarely used in Equatorial Africa, this method has great potential for. gar- 
mers who work tcgether. The fans can be built by trained local artisans or 
blacksmiths at low cost. 

A more refined version of the winnowing fan has a high-capacity fan 
mounted in a wooden or sheet-metal housing. The air is drawn in along both 
Sides of the fan shaft and forced out a horizontal duct to blast the grain 
dropping from the hopper into the air stream. By using the appropriate 
Screens, sieves and baffles, the chaff, straw and weed seeds can be separ- 
ated from the grain. This machine would be very suitable for a small com- 


munity or cooperative. 
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A fanning mill is similar to the refined winnowing fan except it is 
equipped with a series of interchangeable vibrating screens and sieves 
to clean and grade a variety of grains into different sizes and weights. 
The air blast and screens remove immature. seeds, weed-seeds, dirt, chaff 
and dust to produce very clean seed. A modern mill equipped with ball- 
bearings, operates at 200 to 300 rpm., and weighs between 70 and 200 kgs. 
Research stations, universities and large commercial farms use fanning mills. 


b) Processing and Grinding Throughout Equatorial Africa, grain 
is pounded to pulverize it into flour by women who often work in teams. 

The mortar is usually hewn out of a section of tree trunk and the 
pestle made from a heavy slender pole 200 to 250 cm. long. The mortar 
bowl varies from 20 to 30 cm. deep and 15 to 25 cm. in diameter. The crushed 
grain is shaken in a flat basket to bring the coarse grains on top and to 
one side, whence they are reuoved for further pounding. Two to four women 
customarily work together rhythmically to pound the grain in one mortar. 
This community activity is frequently seen in West Africa. (Figure 3.41.) 

A small hand grinder made in Kenya and illustrated in Figure 3.42, was 
designed to replace the traditional mortar and pestle. it is much faster 
than hand pounding and the manufacturer states the mill can grind any small 


grain into grist of desired fineness by using interchangeable screens. 





Figure 3.41 Women cooperatively pounding sorghum and millet in a village 
in the Casamance region in southern Senegal Such operations 
could be easily mechanized if desirable. Even though simple 
treadle mortars are available, they may not be acceptable 
in communities where such work is an important part of the 
social and cultural life. (AFR-325) 
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Figure 3.42 Improved hand-powered mechanical grinder made in Kenya 
Compared to the traditional mortar and pestle used for 
grinding maize and small grains, this small machine is 
more efficient. Hours of toil can be eliminated to permit 
the woman to devote more time to raising families, market- 
ing and cooking. It is important that service and repair 
be available at village level if even such simple machines 
are to be successfully used. Often it is more difficult 
to get a part for this type of machine than it is for a 
tractor. (AFR-410) 


c) Pumping The flap-valve pump, designed for low-lift irrigation, 
consists of a cylinder sealed at the top equipped with a spout and flap valve. 
The whole pump is raised and lowered into the water source by a handle fitted 


to the top of the cylinder and pivoted on a suitable fulcrum. NIAE trials 
Showed a continuous stream could be produced by a team of two men. 194 


— E oed 


15^ ational Institute of Agricultural Engineering, A Simple Flap-Valve 
Pump, Note No. 1 (Silsoe, England: NIAE Overseas Liaison Unit, n.d.). 
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The pump is self-priming and works best with short strokes of 15 to 20 cm. 

at the rate of about 80 per minute. Maximum lift is about four meters. The 
pump is designed for local manufacturers and might have a place in developing 
countries with small irrigation potential. 

The hand chain pump, weighing 12 kg. and mounted on a portable platform, 
can lift water from 3 to 4 meters from a tank, canal, ditch or pond. The 
chain is enclosed in a pipe and the main chain-wheel rotates on heavy-duty 
bearings. Water-lifting rubber washers are easily replaceable. At least 
one Indian manufacturer ís producing this model pump but it could be made 


by small workshops in Africa for supplemental irrigation. 


d) Transportation Containers such as baskets, jugs, sacks and 
bundles are used by most people in eastern Africa to carry heavy loads on 
their backs. Light loads are carried under the arm and sometimes on the 
head. Limited use is made of shoulder poles for carrying articles in 
Chinese fashion. Dirt or very heavy materials sometimes are carried by two 
men on stretcher-like pole carriers. Liquids are carried in large earthen 
pots or skin bags. 

In western África nearly everything is carried on the head, from a 
single Coke bottle to a 40 kg. load of dirt. For short hauls, produce 
often is carried in baskets or bags. Steel drums of water (200 liters) 


are rolled down level hard-surfaced roads by one or more men. 
2) Output, Power, Capacity and Labor Required 


a) Hand Pounding Grinding grain with the mortar and pestle is 
very slow. Only a kilogram of grain can be processed in the average- 
sized mortar; and about one hour's steady pounding is needed to crush grain 


fine enough for flour to make gruel or porridge. 


b) Winnowing or Fanning Mill A modern hand-driven vinnower 
running in ball-bearings at approximately 200 rpm., can clean 200 to 1,200 
kg. of grain per hour. Operated by one or two men, ít produces a very clean 
sample suitable for seed. In contrast, che average rate for hand winnowing 


by shaking a shell-shaped basket is about 45 kg. per hour. 


c) Transportation and Handling In all parts of Equatorial Africa 
the human head or back is a load carrier. Hopfen states that "a man can 
carry a load up to his own weight over distances of about 50 meters or lift 
it 10 to 15 meters. For long distances, the load should not exceed one-half 


of the man's weight . . . and women's loads should not exceed 15 kg. 159 





155nopfen, op. cit., p. 134. 
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Rural Ethiopians work much harder, often traveling 5 to 10 km. to 
market to sell produce, wood or other items. Women in the highlands 
routinely carry back loads of wood that exceed 35 to 50 kg. Only the more 
fortunate have donkeys or horses to assist them. Water frequently must 
be carried long distances; large earthen pots filled in streams or ditches 
hold from 15 to 20 liters. 


d) Pest Control and Storage Bengtsson reports that in central 
Ethiopia: 


All crops that are grown in this area are more or less 
affected by pests. In stored grain there are expressed com- 
plaints about nekese which is the grain weevil . . . According 
to farmers, the pest causes 'very much" loss but the total 
loss will not exceed 10-15 percent . . . Presently, there is 
no real means of control although farmers are trying to avoid 
too many losses. This is achieved by selling the grain as 
soon as possible which means a low price for the crops be- 
cause the traders take advantage of the difficulties of the 
farmers. 


Sitophilus oryzae is a common pest of stored grain. . 
the larvae is confined to cereal grains. Attack begins 
before harvest, adults flying to the fields from infested 
stores. The eggs are laid singly in a cavity in the grain. 
« « « The infestation continues in store with a new genera- 
tion about once a month. Records from the literature show 
that 8 percent of the grain is already damaged at harvest, 
and after six months' storage the damage is reported to be 
30 to 50 percent. 


Animal Operations 


Even a small animal-powered farmer spends much time in shelling, 


grinding or pounding grains, pulses, nuts and root crops, plus handling 

and transporting them from the field to the farmyard and market. He and 
his family may also spend many hours hauling or lifting water. Where 
community facilities are available for grinding, the farmer may use them, 
but the women seem to prefer a mortar and pestle. While processing is 
primarily done by hand or engine power there are a few examples of animals 
being used for special processing jobs such as crushing sugar cane, extrac- 
ting oil from sesame seeds or pumping water. However these are rare 
exceptions in Equatorial Africa. (Figure 3.43.) 

Potentially one of the most important jobs for animals, but one that 
has not been successfully promoted in most of sub-Saharan Africa, is hauling 
by carts and wagons. Lack of good roads and the isolation of rural areas 
from permanent and attractive markets, together with tack of an extensive and 


— — — RR — 


me T op. cit., p. 51. 
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Figure 3.43 Camel-powered sesame seed oil extractor in northern Ethiopia 
Very few picces of animal-powered processing or stationary 
equipment were seen in Equatorial Africa. Imported capstans 
and gear drives are too expensive and parts are generally not 
available in Africa. The exceptional craftman therefore, 
devises ingenious systems using local materials like this power- 
turned pestle with an offset weighted arm and built-in 
lubrication.  (AFR-446) 





well-trained craft and blacksmith service group are constraints. Furthermore, 
cities and urban populations are along the humid sea coasts, where the 

tsetse fly prevents the use of animal power for farming. Without high-incen- 
tive cash crops and the need to haul larger quantities for market, the 

farmer has little capital or desire to change his habits. 

During the past quarter century, the rapid take-over by trucks and 
buses of major transportation tasks in the developing countries has prevented 
development of a strong artisan group as in Europe and the Middle East. 

Local craftsmen do not know how to construct or repair farm carts and wheels. 
The few animal-transport devices in use come largely from discarded or 
wrecked automobiles and trucks. Modern automobiles in sizeable numbers are 
new to these countries, and there are barely enough used wheel and axle 
assemblies to meet the need for low cost hand carts and trailers in the 
industrialized areas. Consequently, junk prices are very high and few 

parts reach rural farming areas. 

Some local agricultural manufacturing has been established in Senegal, 
Nigeria, and in East Africa. A few carts have been imported from Europe but, 
compared to the small cultivators’ low incomes, they are very expensive. 
Where carts have been introduced, the government has had to provide long- 
term liberal crédit. Some carts have been introduced into eastern Africa 
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but the bulk of the Ethiopian produce still te transported on the backs of 
people and animals. 

The EAAFRO Specialiste Comittee on “gricultural Machinery reported 
that "much work has been done in Eset Africa [on carts] but so far no one 
seene to have produced one which 1s completely satisfactory. Ox carte 
should be locally made . . . wood should be used in their manufacture. "]?7 

Haynes, in a report on ox-dravn iaplemente, in western Africa, wrote: 

Several atteapts have been made to popularize ox carts 

but the efforte of several N. A.'s “Native Authorities] during 

the early 1950's vere a failure ben ce the imported wheels and 

axles could not be repaired vhen, after 2 - 3 years use, the 

hubs and axles vere vorn out. The most successful, and cheapest 

carts have been built by village blacksaiths from old car axles 

and pick-up bodies but numbers have been limited by the number 


of wrecked cars avatlable and by the high prices obtained for 
axles for hand carts in touns. 128 


1) Tools and Practices 


8) Transportation For centuries, animal-laden caravans have 
moved across northern Africa to the coasts of the Red Sea. Originating in 
Ivory Coast, northern Ghana, Nigeria and elsewhere, the caravans cro«sed 
vast areas of desert and hazardous terrain to reach Egypt and northern 
Ethiopia. Figure 3.44 shows a typical camel caravan heading west from 
northvest Ethiopia. Camels can carry a total of two quintale of grain, 
one bag of 100 kg. on each side. 

Donkeys are the most used beast of burden and can be seen carrying 
anything treasured by man. Water obtained fron rivers, 8treazn, Jakes and 
pools fs often hauled long distances; Figure 3.45 shove a donkey vith a 
canvas vater-bag holding 80 kg. Other common loads are strav, bags of 
grain, firewood, branches and household ítems. (Figure 3.46.) Horses also 
are used in the highland areas for packing, but more often are rídden. 

Mules, considered animals of high prestige by many Ethiopians, are 
reserved for riding. They are used ravely to carry loads and are seldon 
worked in the field. In Senegal, Gambia and Ivory Coast, donkeys and horses 
are used occasionally for pack transport, but carts are being adopted which 
will make the use of donkeys and horses more efficient. In the lover 
elevations of Ghana and Nigeria, most loads are carríed on the heads of 
people. 

Transport by sled-like devices ís common in temperate countries over 


smooth ground. Crude slede are also used in high altitude agricultural areas. 





157 inuteA of the Meeting of Specialists Committee on Agricultural 
Machinery, Held at Tenguru, Arusha, Tanzania, p. 17. 


158, ynes, Ox-daaum Implements,’ Section 111, Appendix, p. 1. 
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Figure 3.46 





in northwest Ethiopie in late March with loads of inexpensive 
grain sorghum 1968 prices dropped 50 percent from 1967's 
good year of $20 to $22/quintal ot Asmara. Prices have 
apparently been affected by four factors (1) a bumper crop 

in Sudan, (2) closíng of the Suez Canal and loss of inex- 
pensive transport to southern Europe, (3) lack of sdequate 
grain storage ín northern Ethiopia, and (4) some price uani- 


pulation on the part of grain buyers and money lenders. 
( AFR-155) 








Figure 3.45 Donkey hauling ríver vater in canvas bag in northvegt Ethiopi 
Water for human drinking and cooking and livestock watering 
ie one of the limiting factors preventing or slowing down 
agricultural development in many areas of Equatorial Africa. 
Outside the desert areas there ís generally enough vater but 
it ie not available the year round. The distinct wet and 
dry seasons without adequate year-round etorage or developed 
underground water sources limit agricultural production to 
one crop a year. Water shortages also prevent keeping domes- 
tic livestock and the expansion of an income-producing live- 
stock industry.  (AFR-551) 
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Figure 3.46  Donkeys transporting etraw for building blocks in central 
Ethiopia One of the most versatile beasts of burden, the 
sure-footed donkey is excellently suited to travel cross 
country, and in hilly and mountainous terrain. Owners and 
handlers exhibit great skill in tieing on and balancing 
large loads such as seen here in Addis Ababa. However, 
much larger loads could be pulled on wheeled vehicles. 
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Figure 3.47 Ox-drawn pled; Chilalo Avraja, Ethiopia 


shows a type of conetruction using local materiale. It 


is very practical and lov cost but its use is limited to 
farm fields.  (AFR-61) 


The enpty sled 
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Figure 3.47 shows one type ured in Ethiopia. This simple sled is easy to 
use for hauling bulky loads of grass, vegetation or strav over short die- 
tances. It is a laborious job to tie and balance a smaller load on an 
animal's back. Where adequate methods of yoking end harnessing animals 
are available, much more use could be made of sleds as an inexpensive and 
practical substitute for wheeled vehicles. 

With the wheel, man or harnessed draft-anisale can move far heavier 
loads than by backecarrying or on sleds. The capacity of wheeled trans- 
portation ir determined more by the ground surface and type of wheels than 
by the weight of the load. 

If wheels with iron rims are used on even, hard-surfaced 

roads it amounts to about one to four percent of the total 

weight of the load and its vehicle; on level, stubble fields 

it fe 10 to 15 percent; and on level, soft fields it is as 

high as 20 to 40 percent of the weight. With pneunatic wheels, 

still greater loads can be transported. 

The rolling resistance is less with large vheels than with emaller 
diameters, particularly on uneven ground. Wheel rims can be comparatively 
narrow on hard surfaces but must be wide on soft ground. 

The simplest form of wheeled vehicle, barrows, are generally used for 
Short dístance hauling and on narrow paths. A mistake fs often made in 
using too small a wheel, a long body and a high center of gravity all of 
which make the barrow hard to push, heavy at the handle and difficult to 
balance and keep upright. The box should be placed between, and not upon, 
the fraze shafts with the gravity point near the ground. The weight on the 
handles should not exceed 20 kg. Wheelbarrows or bicycle carts could be 
made easily in developing countries by average craftsmen if they were trained 
and a suitable source of wheele and axles were available, as indicated by 
the work of Schneider, Haynes and others in northern Nigeria. 

For use on rough uneven ground, carts should have large-diameter wheele. 
Farm carts vary in size, configuration, and weight depending upon the animal 
power and land surface. Carts represent the most universally used wheeled 
vehicles in agriculture, and,except in Equatorial Africa, arc the most 
common tool possessed by animal-powered farmers. 

Carte will not become common in Africa until they can be manufactured 
by local artisans at reasonable cost. Mali ond Madagascar have made the 
greatest impact on cart introduction of any Equatorial African country, with 
50,000 and 40,000 respectively in use. (Table III. 8.) The production 
figures of donkey and horse carte by SISOOMA, while small, show a steady 
increase in demand since introduction in 1963/64. (Table III. 5.) The 


production of ox carta, however, has faltered. 





12?hopfen, op. it., pp. 134-36. 
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A donkey-dravn cart, made by SISCOMA and designed for 400 kg., is 
fitted with straíght double shafts and life-time lubricated Timken roller- 
bearing autonobile-type wheels and tires. The wheel assemblies are purchased 
from a French company, and with second-grade 5:60 x 13 tires (new car rejects), 
they cost about $23.00 per pair. The axles are 35 mm. square stock and 
Support the body one meter above the ground on V-frames. The platform, 
surrounded by a heavy frame 160 cm. long by )2 cm. wide, has brackets for 
side-racke. The net weight of the cart fe 108 kg. and the export price 
quoted to Nigeria vas about $100.00. Parts for the wheels are available 
from Renault 4 garages, which facilitates service ín most African countries. 
Sales have risen from 280 units in 1965 to 1,480 in 1966, and 2,430 in 1967. 
(Figure 3.48.) 





Figure 3.48 Various r not animal carte in Senegal Tongues are 
adapted for a single horse or donkey (foreground) and a 
pair of horses or oxen (background). These carts have been 
made by SISCOMA the past 6 yearu with gradually increosing 
sales. Their relatively high price has limited their 
acceptance and popularity.  (AFR-301" 





The standard horse-dravn cart and ox cart made by SISCOMA and designed 
for loads of 1000 kg., fe fitted with larger-sized wheels tires, French 
165 x 380. The empty cart weighs 190 kg. with a platform 2 a. long by 
1.15 meters wide. It can be equipped with either a double (50 mm.) or a 
single pole (70 mm.) for one or two animals, respectively. The platform is 
each side for racks. Pricee quoted to Nigeria were about $126.00 for either 
cart. (Figure 3.48.) 
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Samaru ox carts, designed by Haynes, consist of a pressed-steel cart 
frame with pneumatic tires and replaceable hubs. Each wheel ie equipped 
with Oilite, flanged bushings and the hub ie dished, so that reversing 
the wheels would change the tread from 152 to 183 cm., or fit wheele for 
very soft conditions. Square axles were bolted, rather than welded to the 
frame so they could be turned 90 degrees when one face became wem to pro- 
vide four wearing surfaces. Another design used stub axles fitted into a 
5 cm. rectangular hollow steel section. The reversible axles had two mach- 
ined ends and could be turned, to give eíght wearing faces. 

The Agricultural Engineers Ltd. factory in Zaría, Nigeria is making 
a simple ox cart patterned aft.- a design developed by Schneider at Akzadu 
Bello University. 199 It has a light eteel frame 130 x 200 cm. with stub 
axles welded underneath, The steel tongue fe hínged at the axle and fas- 
tened with a spríng-held pin at the box front so the body can be tilted for 
dumping. (Figure 3.49.) 





Figure 3.49 Agricultural Engiresrs Ltd. Light-weight ox cart made in 
northern Nigeria The angle-iron frane appears to be light 
for rough fam use. The wheels, axles and bearings were 
purchased abroad and the tiree arc used auto and truck 


casings.  (AFR-519) 


The floor and sides are made of local lumber but the wheels, axles and roller- 
bearings are purchased abroad for $22.40 to $25.20 a pair delivered to Samaru. 


The factory said a major supply problem is lack of good used tires. They 





160 Robert Schneider, Agricultural Engineer, Kansas State Contract Tean, 
Ahaadu Bello University, Samaru, Northern Nigeria, Personal Communication, 
April, 1967. 
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also are experimenting with sleeve-bushings mounted in a welded hub to take 
wheels and tires the same size as the Peugeot pick-up common in Nigeria. The 
selling price of the current ox cart fe $112.00. 

SISCOMA has made a fev low-profile heavy-duty ox carts that are con- 
siderably heavier and more expensive with a designed capacity of two tons. 

At Banbey Centre for Agronomic Research the research engíneer saíd ít was 
well built, but prices and detailed specifications are not known. It has 
heavy-duty axles, wheels and bearings set in wells on the edge of the plat- 
form. The low body, 60 cm. above ground, ia equipped with both end- and 
eide-racks. The unit appears vell-balanced but needs two strong oxen to 
pull a full load. (Figure 3.50.) 

The Singida steel-wheel ox cart fe made with a live axle and wooden 
bearing-blocks in southern Tanzania. When tested by TAMTU, it was reported 
satisfactory for local hauling. The cart sold for about $60.00. If suitable 
wheels and axles could be obtaíned, the cart could be mass produced. 

(Figure 3.51.) 

Shambaugh in northeast Nigeria used a different approach to cart fabri- 
cation by taking the rear gear assembly of a standard U.S. four-wheel fam 
wagon to make a heavy-duty tvo-wheel cart. His goal vas to produce a cart 
at a cost of about $55.00 to $85.00 which would carry 1,356 kgs. at speeds 
up to 32 kph. The cost, leas tires, vas about $31.00 FOB, the U.S. factory. 
The fabrication is very simple, requiring only the adaition of a 3.67 meter 
section of reinforced pipe for the tongue and a locally-built wooden body. 
The chassie is extremely sturdy for an ox cart, and with a short tongue, ít 
can be used behind a tractor. (Figure 3.52.) The Bornu ox cant is one of 
the best ideas gon a durable animal cant which could be supplied (^om the 
United States at a reasonable price, 161 

The CADU project has looked for a simple way to put the small Ethiopian 
farmer on wheels. The best way appears to be to import suitable automotive- 
type wheels, tires and axles from overseas and build bodies and frames locally 
pending eatablisihnent of a local factory. Ten wooden- and steel-vheel 
carts have been built out of old machinery and transport wheels, and have 
been loaned to farmers for testa. (Figure 3.53.) 

Four wheels provide much greater stability and balance, without vertical 
pressure on the animal, or danger o^ the load tipping. There are two dis- 


advantages for Africa: first, two set. of wheel-and axle-assemblies will 





26] chanbaugh, Summary of Developments in Progressive Mechanization 
for the Hand and Mixed Farmers in the Savannah Zone of Northern Nigeria, 
p. 18. 
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Figure J.5U 


Figure 3.51 





Improved heavy-duty ox-wagon with racks Two oxen can haul 
1400 kgs. with this unit manufactured by SISCOMA for the 
firet time in 1968. While quite expensive it represents 

a sound design with easily rolled pneumatic tires and low 
platform height. (AFR-302) 








Singida (Tanzania) wood-bearing stee!-wheel ox c Orígin- 
ally made by a missionary group ín south central Tanzania, 
this simple but rugged cart performed vell and exhibited 
good durability when tested by the Tanzanían Agricultural 
Machinery Testing Unit. Unless a local source for inexpen- 
sive steel wheels is available it will generally be lese 
expensive, and fat superior, to use standard automotive 
roller bearings, wheels with pneumatic tires. For esall 
numbers of carte steel wheels can be used, but for any mass 
production of improved carte and wagons, it will be more 
economical and practical to use the sodern mass-produced 
wheel assembly.  (AFR-540) 
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Figure 5.52 Shambaugh's Bornu heavy-duty ox cert Made trom the rear 


half of a U.S. built farm wagon, this two-wheel ox cart is 
one of the best solutions to tke dilcama of how to develop 
a low cost but durable cart. The reach is simply replaced 
with a pipe to fora the tongue and a platfom and body are 
built locally. If available, used tires can be furnished 
locally but they are in crítical Supply ín most developing 
countries. (Photo courtesy of T.J. Shambaugh, Jr., USAID/ 
Nigeria, Industríal Development Center, Zaría, Northern 
Nigeria, 1969) 





Figure 3.53 Chilalo Agricultural Development Unit ox cart This inexpen- 


sive cart was fabricated from the transport unit of an old 
combine or binder. It has limited possibilities because 
only a few junk machinee are available and the repaír and 
replacement of vorn beacíngs will be dífficult. The steel 
vheele also limit its use to gravel and dirt roads and to 
(Photo courtesy of B. Karlsson, CADU/SIDA, Asella, Ethiopia, 
April, 1969) (AFR-469) 
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almost double the cost to the farmer; and second, strong suitable animals and 
harnesses are scarce. Farm vagons are available in developed countries in 
practically any size desired, but fev are found in Equatoríal Africa. An 
advantage of the Bornu ox cart 1s ít can be converted to a four-vheel wagon 
later by simply adding the front half of the running gear plus a reach to 
join thea. 

Automobiles have influenced development of fara wagons by providing 
a fixed front axle with steerable front wheels on stub axles. This steerage 
gives grent stability when turning corners since it allove a short turning 
radius, and thc hitch pole or shafts do not transmit road shocks to the draft 
animale. The low-loading platform of these wagons fe also a great advantage. 

Animals can be effectively utilized for short-haul earth moving opera- 
tions using scoops or blades. Even though they are slov, large amounts can 
be moved and packed by animal teams. In a country like Ethiopia it is eco- 
nomically desirable to use animale in outer regions having adequate animal 
power, but lacking a well developed or adequately supported engine-powered 
agriculture and transportatíon network. One contractor has 50 ox teams in 
the Awash valley building irrigation dans and levees at rates lower than 


offered by tractor equipped contractors. (Figure 3.54.) 





Even where tractors and equipment are available 1" is some- 
times less expensive to use animal draft for selected oper- 
ations. Tendaho Plantations found that the contractor with 
up to 50 teams of oxen could construct both small and large 
earth levees more economically than could be done with 
crawler tractors. The levees are used to control flood 
irrigation waters and to improve irrigation efficiency and 
water spreading. The oxen do an excellent job of packing 
particularly when building up larger mounds.  (AFR-473) 
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b) Processing and Water Puaping A horse or camel-driven mill 


built by a Portuguese firm was seen in Senegal. While designed for use with 
a reciprocating water-pump, it might prove useful as a power source for 
high-capacity decorticatore. Haynes saye, "Its main advantage over homemade 
mills fs in its clever use of castings which would have to be imported from 


Casablanca. "19? 


The power train is driven by a revolving cap rotated by 
two long arme about 4.6 meters in length. The animal-hitch-point can be 
moved in to íncrease speed or out to increase pover. 

A simple but effective mortar-and-pestle camel-povered mill vas observed 
in northwest Ethiopia. To extract oil from sesere seed, the pestle is 
rotated by a heavily-weighted offset arm and bean. One batch of seed is 
processed at a time with the oil rising to the top and iurniehing excellent 
lubrication. At the end of each batch the seed cake vas packed against the 
edges of the mortar and had to be broken out before new seed could be added. 
(Figure 3.43.) 

The Persian water wheel is widely used for raising water from shallow 
wells in India and the Far East and could be used in Equatorial Africa. It 
is powered by oxen and driven from a shaft by peg-cearing. An endless chain 
of buckete are counted on a large diameter wheel at the top of the vell. As 
the wheel rotates, the buc*ets dip into the water at the bctrom of the vell 
and lift it to the top into an irrigation canal. Constantinesco saye a 
“disadvantage of the Persian wheel is the large diameter of the wheel which 
necessitates a large diameter vell to accomodate it, so that the whole 
outfit is rather expensive. "19? 

The Chain pwop, the animal-powered device inspired by the Persian wheel, 
eliminates the need for a large vell. Basically, ít is a link chain driven 
by a snall diameter wheel and pansed through a pipe frum the water to the 
top of the well. At intervals along the chain are fastened steel and rubber 
washere which push water up the pipe and discharge it into an irrigation 
channel. Constantinesco says, "The rubber washers cre more efficient and 
&lthough they wear out they can be easily and cheaply replaced by cutting 
them out of old lorry and tractor inner-tubes. "19^ Price and use ín Afríca 
are unknown but this pump could be used for small-scale irrigation in animal- 
powered areos of Equatorial Africa if its import price were attractive or 
it could be locally manufactured. 





aa Report on a Visit to Senegal, p. 7. 


13conetantinesco, op. cit., p. 10. 


165 tbid., p. 11. 
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2) Output, Power and Capacity Required 


a) Farm Carts and Wagons Single-animal carts can haul 400 to 
900 kg. if the load is properly positioned. Two-animal carts in Equatoríal 
Africa are usually pulled by oxen and can haul 900 to 1300 kg. Two-aninal 
farm wagons pulled by either oxen or horses are rated up to 2700 kg. under 


good conditions. 


b) Processin uipment Capacities vary greatly, depending on 
kind and number of animale, length of rotating arm, evenness of load, shock- 
loading and hours of operation. Although no detailed data were obtained on 
outputs or capacities of animal-powered unite, moet are operated by one or 
two animals. The cancl-powered secseme mill is operated eix hours a day and 


produces an average of 60 litere per day. 


c) Water Pump Cossul and Co. Ltd., Kanpur, India make an animal- 
driven chain pump. It has a discharge of 1140 to 1500 liters per hour and 
is usable for depths up to 13 metere. It can be installed in a well as 
small as one meter in diameter. The gear ratio fs 1:5 and it uses two oxen 


for power. 
3) Time and Labor Required 


Hauling tices depend upon the animal, its health, type of cart, 
cart wheels and condition, load, road-type and condition, topography and 
weather. Most animal-carting is short distance, being primarily farm to 
local market. Since carts have been used very little in Equatorial Africa, 
little information is obtainable on their econonic use. 

Small donkeys carry large loads for their size. It is not uncoamon 
to see a 150 kg. donkey carrying a 100 kg. sack of grain in Ethiopia, ob- 
viously under considerable strain. With an easy-rolling cart on a firm 
level surface, this same donkey could haul four to five times that ouch. 
However, where there are very poor roads, or only narrow winding tracks and 
traila with steep slopes, there fa no better transport at present in the 
rural areas than the sure-footed aninal. 

Little information ís available on animal processing equipment and 
quantitative information is not available. A few mortar and pestle and cap- 
stan-operated mills and water pumps seem to be the only stationary use nov 
being made of animal pover; and no cases were investigated in Equatorial 


Africa. 
4) Skill and Management Required 


Loading any kind of two-wheeled cart requires ekill and judgwent to 


maintain proper balance without overloading the animal or risking the danger 
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of tipping backvards on hills. 

The proper lubrication of sealed and anti-friction bearings is a 
critical problem with carts. Factory lubricated, prepacked or so called 
"lifetime" bearings still need attention. Seale wear out due to intrusion 
of mud, dust, fine sand and water. 

Bearings must be repacked when they begin to show signs of looseness, 
leaking grease, or after exposure to extreme conditions of moisture and 
dirt for prolonged periods. Since the average small farmer is unfamiliar 
with such probleas he needs advise and help by qualified technical people. 

Preventive maintenonce for wheeled vehicles means timely lubrication, 
adjuetcent for bearing wear, replacement of bushings or bearings before 
the hub and/or axle are damaged, rotation of axlee where possible, keeping 
lug nuts tight, keeping tires properly inflated and avoiding tíre cuts and 
damage. 

Over oading fe a danger, although with one or two small animals a 
safety factor exists, since the maximum load is limited. Nevertheless, 
wheels becone deformed, tongues bend, axle brackets give, or frames spring, 
allowing loads to shift and increasing breakuge and wear-rate on the body or 


other parts. 
5) Costs Involved 


Of all the tools ovned by animal farmers, the cart receives the most 
year around use. Tn the casual observer, the upkeep of a fara cart seems 
a símple thing with relatively minor expenses. However, the following costs 
on ownership (Table III. 18), prepared by Haynes show that its use and proper 
care involve consíderable expense for the farmer. The estimates were based 
on an original cost of $120.00 for the cart, not including road license 

165 
fees. Haynes explains: 

Working lives were assessed pessimistically but it was 

assumed that the factory would buy back old axles, hubs, etc., 

for repair at realistic scrap prices. The capital cost was 

included by assuming the cart vas purchased with a loan repay- 

able over five years with interest at 5X on the decreasing bal- 

ance. With bushíngs replaced every second year, a new set of 


hubs every fourth year and new axles and tires every six years, 
the ownership costs vere: 


165, aynes, Interim Report on Test on Ox-draun Implements as Groundnut 
Lifters, p. 73. 
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TABLE III. 18 COST OF OWNING AND MAINTAINING A PNEUMATIC-TIRED 
TWO-WHEELED OX CART: NORTHERN NIGERIA 1965 


Year Parte and Labor 


Firet year none 

Second year New bushings 

Third year none 

Fourth year New hubs and bushings 

Fifth year none 

Sixth year New axles and tires and bushings 
Seventh year none 

Eighth year New hubs and bushinge 

Ninth year none 

Tenth year New bushings 


"If steel wheele were used in place of pneumatic tires, the cost of the 
sixth year would be $24.10, but the bearings would wear faster recuiring 
earlier replacement. 





No cost records were obtained on the operation of animal-processing 


equipment either for ownership or operation in Equatorial Africa. 


Engine-powered Implements and Attachmenta 


Of the many engine-powered or tractor-pulled and -driven implements and 
units of equipment now in common use or potentially usable in Equatorial 
Africa an evaluation is useful of those with the greatest application poten- 
tial or a particular relevance to agriculture in the tropics. There 44 
a place for engine-powered agriculture in developing nations just as there 
48 an obvious need for improved hand- and animal-powered systems. 

Engine-powered implements can handle all operations in tillage, planting, 
weeding, harvesting, processing and transportation. Many machines arc multi- 
purpose or have attachments which enable them to perform simultaneously more 
than one of these operations, in contrast to hand and animal tools and 
implemente which are essentially single-purpose. 

There are many good tractors and implemente developed and uscd in more 
advanced countries that can be operated in Equatorial Africa with little 
modification when they are: selected to perform under prevailing climatic and 
operating conditions; realistically applicd to a system of farming; suitably 
designed for the crop; chosen to fulfill functional requirements; supported 
by a dealer and service organizations; and operated by well-trained farmers 
or employees. 

In introducing more sophisticated power and implement systeos the 
following should be guarded against: 
1. Using tractors and associated tools on land which has not been 


properly cleared. 


2-285 


2. Sending tractors and iaplements into the field without adequate 
supervision and essential supplies. 

3. Selecting the most elaborate tractor model with many power options 
such as steering and shifting and draft control for use many miles from the 
nearest servíce facilities. 

4. Turning expensive tractors and implements over to improperly trained 
operators and then expecting satisfactory performance, 

5. Supplying only plows or harrowae with tractors when additional 
implements are needed to effectively utilize the tractors and produce the 
crop. 

6. Trying to do good work with plows or implements which are incomplete, 
damaged or improperly adjusted. 

7. Selecting wheel or crawler tractora with closed cabe that are un- 
comfortable for the driver in the tropical sun. 

8. Bringing in mechanical harvesters before there are suitable driers, 


mills or gins to process the mechanically-picked crops. 


It is important that officials and farmers in developing economies have 
an accurate idea of the true costs of owning and operating expensive machin- 
cry. In general, at the present stage of development, education Level, 
dealer organization, accrued experience and expertise with machinery; esti- 
nates of Length of service-Life of a tractor on implement used in costings 
must be greatly reduced, and the estimated cost of repairs and maintenance 
considerably increased in order to determine the cost of machinery use án 
Equatoual Africa. Only on carefully-supervised commercial plantations and 
schemes, frequently managed by expatriates, can cost be held down to eco- 
nomical levels. 

Table III. 19 suggests practical values for calculating costs of using 
machinery under climatic conditions found in Equatorial Africa. The low 
productive une, high repair costs and early mechanical failures in tropical 
regione indicato that these costs of using machinery are valid in the 
countries considered by the Study; a similar guide 18 given by the Asian 
Productivit» Orgarization for use by its members ín southeast Asta. 166 

Approxicate draft requirements and operational speede for more advanced 
engine-povered tools and implements are given in Table III. 20. Power 
requirements for any given tool will vary greatly, of course, with type of 
8011, topography, moisture content, vegetation, speed, condition and adjust- 


ment of the implenent, depth and angle of cut, and operator's skill. In 


166p recond Of Expert Group Meeting on Agricultural Mechanization, 
Vol. I (Tokyo: Asian Productivity Organization, June, 1968), p. 64. 
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TABLE III. 19 PERCENTAGE VALUES FOR ESTIMATING ANNUAL OVERHEAD COSTS OF 
STANDARD-SIZED MACHINERY, ADAPTED TO DEVELOPING 
COUNTRIES OF EQUATORIAL AFRICA 





Estimated 

Life 
Tractor, crawler 7 14.3 
Tractor, wheel 6 16.6 
Plow, disk or 
noldboard 7 14.3. 
Harrow, diek 6 16.6 
Harrow, tooth 8 
Tiller, rotary 6 
Leveler, small 8 
Planters, seed 10 


Drills, w/o 
fertilizer 10 


Sprayer, PTO or 
engine 8 


Mower, sickle or 
rotary 7 


Combine, pull or SP 6 
Rice huller 8 
Seed cleaner 10 
Wagon, 2 or 4-wheel 8 


Pumpe, irrigation 7 





res not include drívers' wages, routine maintenance service charges, fuel 
and lubrication costs, and high usage supplies like plow points asid twine. 


b Interest is based on average of one-half value throughout machine life, using 
only official rates for borrowing from government agencies. 


“Taxes, Insurance, Housing and license fees. 
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TABLE IIL. 20 APPROXIMATE DRAFT REQUIREMENTS AND SPEEDS OF OPERATION 
FOR FARM MACHINES IN EQUATORIAL AFRICA* 





Machine Typical Power Requireaents 


per ares or cm. of width 
Plow, indigenous 0.14-0.70 kg. /cn.^ 
moldboard 0.21-1.12 kg. fen," 


disk 0.21-2.00 ka. /cm.” 


Disk harrow, single action 
double action 

Rotary tiller 

Harrow, spike or peg 

spring tine 

Roller or puddler 

Leveler, float 

Row-crop planter 

Grain dríll 

Transplanter 

Combine, self-propelled 

Mower, tractor 


Grain binder 


0.45-1.50 kg./cm. 
1.20-2.70 kg./cm. 
0.70-3.50 kg./cm. 
1.80-2.70 kg. /peg 


10 - 25 kg./tine 


0.15-0.90 kg./cm. 


0.30-0.70 kg./cn. 
30 - 70 kg./row 
6 - 22 kg. row 
10 - 20 kg./row 
0.48-2.25 ke, fen, 
0.12-0.37 kg./cn. 


0.97-2.25 ke, fen, 





“Record of Expert Group Meeting on Agricultural Mechanization, Table 1, 
p. 61 and Chilalo Agricultural Development Unit, Preliminary Results 
of Fanm Implement Research Ieplenent Research Station Publication 
No. 2 (mimeographed) (Addie Ababa: Swedish International Development 
Agency, June, 1969). 


areas vith dístinct wet and dry conditions, lateritic soílg become very hard 
as they dry out, €.g., northern Nigeria and Ghana. 

Some typical field capacities per 30 cm. of width are indicated in 
Table III. 21 for various field machines. Capacity depends upon width, speed 
and field efficiency, or percent of time a machine is actually working. 
Blockages, short fields, obstructions, emall and irregular areas, and poorly 


defined boundaríes slow down operations. 
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TABLE III. 21 TYPICAL EFFECTIVE PiELD CAPACITIES OF ENGINE-POWERED 
FARM MACHINERY IN TROPICAL REGIONS® 


paration and Unte widen BEE 


hre. /ha. 

Plowing, 15.2 cm. 40 

35.5 cm. 10 
Disking, per 30 cm. 1S 
Rotary tíller, per 30 cm. 27 
Harrov, per 30 cm. 12 
Roller or puddler, per 30 cm. 18 
Leveler, float, per 30 ca. 15 
Row-crop planter, per 30 cm. 17 
Grain drill, per 30 œ. 15 


Transplanter, per 30 cm. 40 


Mower, per 30 cm. 14 


Combine, per 30 ca. 15 





“adapted from Record of Expert Group Meetings on Agricultural Mechanization, 
Vol. I, Tables 3 and 4 (Tokyo: Asian Productivity Organization, December, 
1967), p. 62. 


Technical Factors and Constraints 


Small Engine-powered Machinery 


1) Small Two-wheel Tractora 


a) Titan Merry Tiller This walking-tractor designed primarily for 
rotary cultivation ie manufactured by Wolseley Engineering Co., Witton, 
Birmingham, England. Power is transmitted from the Clinton air-cooled engine 
to the rotor shaft through a V-belt and chain drive. When used as a rotary 
cultivator, forward propulsion i. achieved by the power-driven rotor. A 
tine fitted behind the rotor brakes the forward motion and controle the 
depth of work. A throttle and a V-belt clutch release control the machine. 
Different combinations of rotors may be used to adjust the working width. 
Attachnente are available for plowing, weeding, ridging, mowing, light hauling 
and stationary work. This tractor vas officially tested by the Kenya Agri- 
cultural Machinery Unit, Department of Agriculture, and a test report 


issued: YO 


167, W. Cooper, "Test Report on a Walking Tractor", Kenya Farmer, 
Reprint, June, 1966, p. 1. 
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The machine vas used for a total of 100 hours in 14 
relatively tough conditions which consisted mainly of 
breaking Kikuyu and Rhodes grass pastures, stubbles, ceed- 
bed preparation, weed control and inter-rov weeding. Depth 
measurements ín all conditions vere taken to the level of 
the soil after cultivation to avoid confusion in the case 
of soilas previously loosened. On completion of the test 
the machine vas dismantled and examined . . . The ground- 
engaging parts showed little sign of wear; the chain-drive 
sprockets and bearings were in good condition; and there 
were no oil leaks. There was no undue wear in the engine 
«e. The Titan Merry Tiller . . . was capable of producing 
satisfactory results in most conditions when the engine 
developed ample power to meet requiremente. No serious 
mechanical break-dovns occurred and no excessive wear or 
distortion vas apparent at the end of the test. 


b) Landmagter 150 This 6.0 hp. two-epeed primary transmission, 
80 kg. eingle-axle walking tractor has bcen tested in southeast Asia, the 
Philippines and Kenyo. Manufactured by Landmavter Ltd., Hucknall, Notting- 
ham, England, it is now being introduced into eastern and vestern Afríca by 
the Singer Sewing Machine Company. Like the Titan, it is basically a rotor- 
drive cultivating unit but usable for a variety of other jobs. A complete 
set of attachments includes a rice thresher, irrigation pump, trailer, 


seeder, rotary and sickle bar-mowere. (Figure 3.55.) 





«NW; 
* 
- Pa. 


Figure 3.55 Landmaster 150 (British) two-wheel walking tractor with 
irrigation pump This 6 hp. tractor can perform many taske 
although it basically 1s a rotary cultivator, propelled by 
the soil working blades. It is also excellent for mowing 
grass and for puddling rice paddy.  (AFR-554) 
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In the past five years Landmaster sales have increased considerably in 
Europe; selling about 4,500 tractors annually in England. In 1967 1,500 
tractors were sold in the Philippines and during 1968 they expected to sell 
350 in Bast Africa. Farmers around the Meru area in Kenya are using 120 
machines. ln Chana Singer had sold 22 machines by April 1969, and have 
applications through the Agricultural Development Bank and The Tobacco Grovers' 
Asgocintion for another 30. The Sugar Growere' Assocíation have three 
machines. Farmers are using Landmaster 150'a in inter-row cultivation for 
weed control. 

In Kenya Singer has 20 shops aid men working with the Landeaster. Seven 
teams of sales and service personne), all trained in Kenya, can give 24- 
hour service in any area. On Agricultural Finance Loans Singer providee free 
parte for one year and free service for life. They are using the JLO two- 
cycle engine because it can be used on slopes without danger of loss of lub- 
rication. On hire-purchuse plans, a service man makes conthly checks on the 
mactine and operator and corrects deficiencies. Singer claine they can train 
a man to use the Landmaster in two hours. The only trouble with the engine 
has been operational carelessness and lack of maintenance. About 75 percent 
of the purchasers of Landmaster tractors are people with other jobs, such as 
civil servanta, school teachers and agricultural workers. 

The provisional report on the Londmaster from the Ghana Ministry of 
Agriculture ís good. One unanticipated problem has been the attitude of the 
farmers to "wait and see" if the company stays in business to give spare parts 
and tepair service. The discontinuation of sone products after only a year 
of salcs has created suspicion of new products anong farm customers. 

Singer uses a demonstration for on-the-farm visitn with a conplote set 
of equipnent and service facilities. They extend eix-conths' credit to good 
risk custozers. There is a difference in quoted prices between Africa and 
the Philippines. A suggested dry-farming set consists of the basic L-150 
power unit, a moldboard plow, one pair of 18 ca. wide 8tecl wheels, one 
pair of 500 x 12 rubber-tired wheele with ratchet hubs, and wheel weighte, 
and a front counterweight ond bracket. In the Philippines this selle for 
$988.00 cash or $1,215.00 on credit with 35 months to pay; in Kenya this set 
was quoted at $790.00 cash. 

A rotary cultivating-set consisting of the basic L-150 machine, a 
rotor-axle, an 84-cm. curved-blade rotor set, a wheel-support frame, front 


weight and bracket sells for $748.00 cash price in the Philippines or for 


— — —— — — 


1685, McKenzie, formerly Manager, Singer Sc4ing Machine Co., Accra, 
Ghana, Personal Communication, July, 1968. 
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$850.00 list price with 26 months to pay. In Kenya the cash price vas given 
as $576.00. In Ghana the basic Landmaster tractor with 91-cm. rotary tiller 
and the JLO 6.5 hp. engine sells for $539.00 cash. The irrigation pump with 
7.0 meta» suction hose ie priced at $164.00 and the two-wheel trailer at 

$100.00. Prices may be more favorable in Equatorlal Africa because of lover 


freight coste. 


c) Landmaster 150 Attachments The single-furrow moldboard plow 
turns a furrow 23 cn. wide and 10 to 15 cm. deep. Equipped with a large 
landside, rolling-coulter and replaceable share, ft is easily controlled and 
can do good work in trashy fields because of its high clearance. For dry- 
land plowing extra weight must be added to the tractor wheels and a -ounter- 
weight on the front for effective traction. weight of plow is 24 kg. 

Patterned aftcr the Japanese rice-plows, the slatted moldboard plow is 
reversible to permit back and forth plowing. A crank controls depth and pene- 
tration and special paddy wheels are used normally to help support the tractor 
in very soft soils and to assist in working up the paddy. Plow weight is 
16.5 kg. 

For puddlíng and leveling rice paddies, a pair of 45-cm. wide rotary 
cage-wheels and a 92 cm. finger harrow or leveling rake are used together. 
Because the rotor power unit is completely sealed against entry of mud and 
water, this machine can work partially subrerged in rice paddies. 

Three different types cf blades are supplied to work different soil 
under varying; conditions. Curved blades are used for normal cultivation, 
deep tillage and hard soil conditions; $lasher blades are used for general 
purpose and trashy ground; and pick tines ore designed for very hard, com- 
pacted soil or stony ground. One to four pairs of blades may be used to 
select row-vorking widths of 33, 27, 33 or 45 cm. Ridging rotors arc avail- 
able to ridge up special crops, to mulch weeds and trash or to mix in fer- 
tilizer. 

A 92 cm. oscillating efckle-bar mower can be mounted on the front to 
cut and wind-row crops. It can be used to cut on banks up to a 45° angle. 

A front-mounted wheel-supported 61 ca. rotary mower is available for 
clipping grass and weeds, for pulverizing crops prior to cultivation and for 
mowing heavy weed growth up to 122 cm. high. With the Landzaster mower, 
smaller drive-wheels must be used because the large ‘heels used for plowing 
and transport propel the tractor too fast for satisfactory cutting. 

A two-wheel trafler unit has a 300 to 400 kg. capacity with 400 x 8 
pneumatic tires. It is equipped with a parking brake for use in emergency 


stopping. 
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A Singer-made self-priming irrigation pump with base and stand can be 
attached to the tractor's front-weight bracket. Capacity is 29,550 liters 


per hour. A 7.6 meter 5 cm. suction-hose with straíner ís used. (Figure 3.55.) 





Figure 3.56  Landmaster brush-type all-purpose vegetable and emall grain 
seeder Although designed to go víth the Landmaster tractor 
it could be used with any pulling tractor designed for field 
work. The brush-type seed-metering device performs vell 
providing the bristles are stiff and bunched together. 
Planting units can be hooked together in gangs to sow two 
or more rovs.  (AFR-550) 





A grain thresher, made hy Garvie of Scotland to NIAE specifications for 
paddy threshing, is said to be suitable for wheat, sorghum, mango and gu'nea 
corn. The average output for rice is reported as 1,000 to 1,360 kg. per 
hour. The thresher is attached to the front and left side of the tractor. 
It, like the irrigation pump and mowers, is driven from the engine pulley 
at 1,500 rpa. 

The power-take-off and flexible drive accessory is used to power other 
attachments such as a chain sav, drill or grinding wheel. 

A brush-type seeder in single- or twin-gang arrangecent is available 
to plant seeds up to pea size. According to Cooper's tests of seeders at 
KAMU in Kenya, the brush-type agitator seedere are satisfactory provided 
the bristles are bunched together to give a paddle effect. (Pigure 3.56.) 


2-293 


A four-row hoow sprayer for the small farmer is manufactured by Leading 
Engineering Co., Nairobi, Kenya. An axle can drives a piston pump and the 
epray tank is mounted on the rear. The sprayer originally was designed for 
ox (are but never gained faroer acceptance. For small holdere raising 


rice and cotton crops ít should be a useful attachaent. (Figure 3.57.) 





Figure 3.57 low-volume tield sprayer (Kenya) made for Landmaster tractor 
This is an example of special purpose equipment made by a 
local manufacturer (Leading Engineering) and designed to 
increase the uscfulness and productivity of never agricultural 
tools. “The spray boom shown covers four rows and can be 
adapted to various crops. The pump is driven off the axle 
by an eccentric cam and crank arm and the tank is located 
on the rear. Originally designed to be used with aninal- 
drawn equipment it never found a market.  (AFR-549) 





d) Agria Farmworker A new German two-wheel tractor, the Agria 
Faruvorker, vas seen at the Sunyani, Gnana Agricultural Show. The 4.5 hp. 
Farmworker is a two-wheel tiller; with the import price of a moldboard plow 
and trailer, estimated at $500.00. Attachments include a two-way -oldboard 
plow, two-wheel trailer, a 122 cm. sickle mover and a 183 cm. spike-tooth 
harrow. The single-axle models also come in 6.5 and 12 hp. sizes, and the 
4 wheel models in a 10 to 12 hp. riding tractor with a choice of a gas or 
diesel engine. 


e) Toro Tillery The Toro tiller is a year-drive machine with a 
4.5 hp. Briggs and Stratton engine. With rotary blades, the export price 
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FOB New York 18 about $98.00 each in lots of 100 machines. These could be 
imported to Ghana for about $130.00 each. 


f) Honda Power-tillers The University at Ife, Ile-Ife, Westem 





Nigeria, has tested several models of the Honda power-tiller for suitability. 
Stetler reporte that three models arc available with the 3 1/2 hp. size beíng 


the most satisfactory. He reported; 19? 


1. The F-25 is a 2 1/2 hp. lightweight model selling for $140. The 
rotary cultivator and moldboard plow work vell in cican soils but are hope- 
less in soils with roots, stunps und stones. 

2. The F-40 is a 3 1/2 hp. model selling for $280 vhich vorks well and 
is fairly simple and easy to service. Stetler believes that if a farmer 
could increase his matze and yam area from 1.2 to 2.4 hectares without 
hiring more labor he could probably pay for it in three years. A good famer 
should get 1,020 kg. of maize and 3,640 kg. of yams per hectare. (Figure 3.58.) 
Stetler stated the stecl blades cn the Honda needed replacement after cul- 


tivating about 4 hectares, 17? 
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Figure 3.58 Honda F-40 (Japanese wer tiller and trailer This 3.5 hp. 
tiller te one of the more sophisticated small tractors and 
power tillers recently test-marketed in Africa. Generally 
more expensive and copplicated than European and American 
models of sicílar horsepower, it has not received extensive 
promotion nor been widely distributed. Asian built machines 
are not always suited to climatic and soil conditions in 
Equatorial Africa. The great distance from factories and 
to major suppliers also places purchasers at a disadvantage 
for parte on. service. (AFR-520) 








162stetler, op. cit. 


19 0ibid, 
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3. The F-190 1s a 5 hp. model with rotary-blade rotavator. It does 
the easiest job and vorks best víth vheels to control speed and action of 
rear-mounted rotavator.  Hovever, a "fancy" electric starter and lights, and 
complicated engine increase ite cost and make it difficult for African 
famers to service. A farmer with sufficient money to buy a Honda F-40 
rotary tiller, probably would go into cocoa or permanent crops giving a 


higher cash return. 


2) Small Four-wheel Utility Tractors 


a) Self-helper Tractor, Model G-12 Manufactured by Self-help, 


Inc., Waverly, Iova, this small 12 hp. power unit comes closest to big 
tractor capability for its size (137 co. wheelbase) and price of any small 
tractor currently manufactured. It incorporates features not fou". on most 
small tractors: simplicity, true ruggedncss, large drive-wheels (8.00 x 
16 rear tires), provision for extra weight to obtain necessary traction, a 
power-take-off for stationary work, and a wide range of matched attachments. 
The standard Kohler gas or kerosene engine features automatic compreasion 
release for easy starting which releases the normal high compression past the 
exhaust valve at cranking speeds. Advantages are that the engine starts with 
a gentle pull, without kickback, flooding or lose of horeepover. 

To make aaxímnum use of power, extra weight is recommended in the form 
of 45 kg. of fluid in each rear tire, 41 kg. cement weighte on each rear 
wheel and a 45 kg. counterweight bolted under the front axle. With this 
front weight removed, the unit has 36 cm. clearance under axles for culti- 
vating. Tractor weight, including counterweights but not the operator ts 
518 kg. Price for the complete basic tractor with 12 hp. gas engine is 
$542.65 FOB Waverly, Iowa. With a 10 hp. Clinton engine and without the hand- 
operated energency brake, it fe $507.90 FOB. 

The manufacturer says the tractor hag been produced for over 25 yeare 
and thousand6e have been sold. For overseas v... it hae a lower first gear 
for heavy ploving ín hard soil, a reinforced frame and axle for greater 
etrength and rigidity and weights for traction. Self-help gives a one-year 
guarantee if the tractor, engine and parts are defective under normal service. 
(Figure 3.59.) 

Normally the tractor and implenents are shipped disassembled to save 
freight after being assembled at the Iowa shop to be sure all parte fit 
and are properly adjusted. This provides an opportunity to sec up a smell 
assembly plant overseas, to train workers or farmers in basic mechanical 
principles and to familiarize them with the zachine. The price of individual 


components, disassembled, fe shown (n Table III. 22. 
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Figure 3.59 Self Helper (United States) 1?-hp. four-wheel tractor with 
woldboard plow and mover Designed especially with the saall 
cultivator in mind, it is relatively simple with provision 
for adding considerable weight to take advantage of available 
power. The tractor pulled this plow in fine-grained soils 
at high altitude with comparative ease. Many other attnch- 
ments are available but they all cost considerat le roney 
fron the viewpoint of the small farmer. (l noto courtesy of 
R.P. Rooney, USAID, Addis Ababa, Ethiopta, April, 1969) 
(AFR-545) 





TABLE III. 22 DESCRIPTION AND COST BREAK-DOWN OF COMPONENTS OF SELF-HELP 
FOUR-WHEEL TRACTOR DEVELOPED FOR SMALL FARMERS IN DEVELOPING 
COUNTRIES2 
Description of Tractor and Components 





dollars 

Main Frame: Includes - differential housine, tett 

and chain guards, seat and spring, Ten: bar 

and lift lever, foot-operated clutch an! , two 

steel sprockets and roller chain, tool te. tver- 

ing wheel, four sheaves, and belt and hand-uperated 

emergency brake 186.00 
Rear oxle assembly 62.50 
Three speed transmission, one reverse 54.00 
Front ayle, spindles and four timken bearings 22.40 
12 hp. Koller gasoline engine 106.00 
Hood over engine and throttle 15.50 
Wheels and tires: rear - 800 x 16, front - 4.00 « 8 96.25 
Front counterweight box ($3.50) no charge 
Swinging drav-bar ($6.60) no chargc 


Total Net Cost (FOB, Waverly, Iowa) 542.65 


“Self-help Organization, Waverly, lowa, Price List and Specigications, 
March, 1967. 
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A variety of tools is available for the Self-Helper to perform alcost 
any basic farm operation. More tests under tropical conditione in Equatoríal 
Africa are necded to detemine performance and desirability. Rooney says 
that the tractor is powerful for its size and has performed well under 
Ethiopian conditions: However, no matter how sample or rugged a machine 
vr tool may bc, periodic attention is required. 

Implements may be rear-, center-, or front-mounted; are controlled by one 
handle; and are quickly adjustable or removable. Not all the following 
attuchzenta are recommended or suitable for the small farmer. All prices are 
FOB, Waverly, lowa with freight costs to Africa adding about 25 to 30 percent 
to factory prices. A partial list of attachzents for the Self-Helper follows: 


l. The moldboard plow cuts a 30 cm. furrow to 18 ca. deep. Raised and 
lowered by a hand-lift lever, it is completely adjustable. Plow body has 
replaceable shure and is equipped with 25 cm. coulter blade. Weight is 43 kg. 
and price $50. (Figurc 3.59.) 

2. The cultivator fe a apring tine unit with six shovels, sweep type, 
adjustable three-ways and rear-zounted. Weigne is 27 kg. and price $26.50. 

J. The drag harrow is a pull-type spikc-tooth unit with 5 bars and 35 
teeth. The flexible frame is 122 cm. long by 148 cm. vide. Weight is 55 kg. 
and price $20.00. 

4. The disk harrow is a single-gang harrow with ten 35 cm. or 40 cm. 
diazcter blades mounted on four bearings. Blades can be adjusted for cutting 
angle and weight added to gang platform. Maxisum cut is 153 cm., weight 
138 kg. and price $85.00. (Figure 3.60.) 

5. The furrower or ridger is a rear-mounted unit hoe with a 25 cn. 
furrow shovel, heavy-duty shank, adjustable beam and hand lift. Weigne is 
30 kg. and price $26.00. 

6. The seed planter is a one-row unit equipped with fertilizer attach- 
ment and ground-press wheel with chain drive. Four quick-change seed plates 
and three spacing gcars permit planting a variety of crops at selected dis- 
tonces. Weight is 54 ky. and price $95.00. 

7. The rotary mower, a center-mounted twin-rotor blade mower, cuts a 
112 ca. swath. Weight is 55 kg. and price $145.00. 

8. The sickle bar-mower, a center-mounted mower, cuts 105 cm. and 
is driven directly from the engine. It features a counter-balanccd flywheel, 
harcdened gears and enclosed transmission running in oil. Weight is 45 kg. 
and price $165.00. (Figure 3.59.) 





l 
robert Rooney, Farm Machinery Advisor, USAID Mission, Addis Ababa, 


Ethiopia, Personal Communication, February, 1969. 
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Figure 3.60 Self Helper tractor disk harrowing in Ethiopian highlands 
This 12 hp. tractor did a very acceptable job of breaking 
up a field of grass and weeds at the Debre Zeit Agricultural 
Experiment Station in central Ethiopia. Self Helper and its 
tools can be supplied disasserbled to developing countries. 
It has not been thoroughly tested and evaluated in Equatorial 
Africa. (Photo courtesy of R.P. Rooney, USAID/Ethiopia, 
Addis Ababa, Ethiopia, April, 1969) (AFR-546.) 





9. AS cm. outlet irrigation pump can be mounted on the front of the 
tractor and belted to the engine. Capacity fa 530 liters per minute. Weight 
is 55 kg. and price $135.00. 

10. A dump-cart kit, with load-carrying capacity of the 8 ca. channcl 
iron frame, is 680 kg. on new 500 x 15 tires and roller-bearing wheels. Rear 
hinges and dump latch are included for local construction of the box. Weight 
is 50 kg. and price is $75.00 for frame and vheele. Cost of local materials 
to build a box in Ethiopia was $25.00, 


b) Boshoff's Tractor In communication with Makerere University 





College, University of East Africa, the Team vas furnished information by 
Boshoff on the assenbly of several types of small tractors of 7 to 10 hp. 
fron standard components. "77 The parts are purchased from countries which 
offer the best selection and príces; the intention fe to distribute the 
tractors to progressive farmers in developing countries. Two tractors will 
have mechanical transmissions and one will have a hydrostatic transmission 
made by Bolens. Tractors will be powered by Kohler, Wisconsin, or Clinton 


engines. 


W.H. Boshoff, Agricultural Engineering Department, Makerere University 
College, Faculty of Agriculture, Univcrsity of East Africa, Personal Comuni- 
cation, February, 1968. 
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Boshoff's goal is to produce a basic tractor for about $550 to $600, 
using local personnel to construct the chaesis and mount the various purchased 
components. Initially he plans to use 12 technicians, assisted by students 
in off-searon, to build 40 to 60 units a year. With sufficient demand, he 
hopes to get the government or private índustry to take over the tractor's 
asseably and manufacture. Along with the tractor, he plans to build or 
furnish a rotary slasher and rotary cultivator for another $200 to $250 
for a total price of $750 to $85U. Tne firet of the three tractors is 
asscmbled and ready for tests, ^? 

The approximate costs to build a small tractor in eastern Africa fron 


imported components without duty or profit and excluding dealers' margins are: 


Gearbox and transmission $ 300. 

Whecls, tires; axles 30.to 50, 

Engine, air-cooled, 7 to 10 hp. 75.to 100, 

Frume, steering, controls 75. 

Labor and assembly 75. 
Estimated total net cost S 555. to 600, 


Handling by a dealer organization would require a reasonable mark-up 
for incentive to stock parts and properly service this equipment. The final 


price to the farmer would be at least one-fourth more. 


c) Economy Tractor Jim Dandy, standard model, is equipped with 
12 hp. Kohler K 301 engine, front power-take-off, rope starter, hand brakes, 
fenders, autozotive-type steering, 400 x 8 front and 700 x 16 rear tires. 
Weight is 287 kg. ond list price $724 at factory, Wankesha, ‘/isconstn. 

Accessories needed are an equipment lift-lever ($15) and a rear toolhitch 

($20). Some attachaente available are a 25-cm. turning plow with coulter, 
36 kg. (factory price $76); disk harrow, sectional adjustable, eight disks 
40 cm. diameter, weight 67 kg. ($168); cultivator and spring-tooth harrow, 
six shovels, 105 kg. wide, weight 36 kg. ($42); rotary tower, 120 cm. cut, 
three blades with guards, weight 78 kg. ($155). (Figure 3.61.) 


3) Small Threshere 


A number of important pieces of equipment available for the progressive 
hand- and animal-powered farmer are small threshere, motorized back-pack 


sprayers, grinders or hammer mills, seed cleaners and irrigation pumps. 





1?31bid., March, 1969. 
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Figure 3.61 Econc United States) "Jim Dandy" 12-hp. tractor with 
rotary mower “This tractor is similar to the Self Helper 
in concept with a complete line of snail inplementa. A 
little more elaborate and consequently more expensive it 
incorporates some features not essential to farmers in 
devcloping countries. When properly applied and carefully 
maintained it could do considerable work but like every 
other machine it needs substantial back-up service and 
logistic support.  (AFR-511) 


a) Garvie Mini-thresher Manufactured by R. C. Garvie and Sone, 
Aberdeen, Scotland this unit can be produced by light industry in developing 
countries under free license from the National Institute of Agricultural 
Engineering, Sileoe, Bedfordshire, Beete The machine consists of 
two basic unite, the threshing- and grain-collecting assemblies, simply 
constructed of angle iron and sheet steel. The total weight 18 153 kg. The 
thresher consiste of a 30 cm. diameter steel drum with three rasp-bare and 
an open-vire concave. The drum is driven by a four-stroke 2-1/3 hp. petrol 
engine at a peripheral speed of 1,442 meters per minute. The material fed 
into the machine by hand is ejected into the collecting box, wherc the straw 
is manually raked away from the grain. Haynes reported: 

With the recommended concave clearances and drum speeds, 

the anount of graín damage was found to be vell under one per- 
cent. The rate of output of threshed rice is very dependent 


on the crop yield and the number of men available to feed the 
machine. Under reasonable conditions outputs of the order of 





174, attonal Institute of Agricultural Engineering, Mini-trresher, 
Bulletin No. 3, (Silsoe, England: Overseas Liaison Unit). 
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450 to 680 kg. of threshed rice per hour were achíeved, using 

five operators. This includes all operations from picking the 

cut rice up from the field to bagging up the threghed graíns.! 

Many other varietien of crops including vheat, peas and beans have been 
successfully handled. Several are in use in England as plot threshers at 
research stations and sced merchants. Some 500 of these machines have been 
used since 1964 by farmers in Malaysia. 


b) Comparison of Garvie, Pioneer and Turner Small Threshers In 


a test ín Northeast Nigeria, Shambaugh reported: ^? 


1. The Garvie thresher vas suitable for rice but did not work well with 
other crops. It took a lot of man-power besides considerable machine work. 
It vae able to handle guinea corn and millet by running it through twice. 

2. The Pioneer thresher was satisfactory for rice. The main problem 
is that the straw walker does not move sufficiently. It cannot be used for 
groundnuts since the straw will not move through the machine. 

3. The Turner economy thresher did an acceptable job with grains and 
can be used aluo for groundnuts by modifying the tooth cylinder. For a 
satisfactory job, guínea corn and millet must be run through twice. It 
would work better if it had a separate belt from the main pulley to the 
cylinder so that the cylinder speed could be changed without affecting the 
gtrav-rack speed. The latter can be varied only about 20 cyctes per minute. 


Shambaugh suggests that a 46 ca. diareter nain pulley bc sud rt^ 


c) Kyowa Double-drum Thresher This unit was tested by the TAMTU 


in Tanzanía on rice, 179 It is intended for rice, wheat and barley with straw 


cut long or short. The sheet-metal body contains two druas 70 cm. long, one 
32 cm. in diameter and the other 24.5 cm. dianecter, both equipped with 
looped-wire threshing teeth. Two concaves of open wire have four cutting 
blades in each chamber. The drum/concave clearance is 7.5 cm. nonadjustable. 
Two threshing chambers are 38 cm. wide. The machine weighs 146 kg. and is 
transported by two iron carrying rods. Power required was 6 hp. to operate 
thresher at 720 rpr. The "closed meditm" speed setting produced the best 
quality sample with 98.53 percent pure clean grain and only 0.71 percent 
broken kernels. Capacity was 52 kg. per hour. 


1 haynes, A Brieg Review of Hechanization Experiments in Northern 
Nigeria, Appendix A, p. 13. 


265 5. Shambaugh, Jr., Fam Industry Advisor (USAID) to Industrial 
Development Center, Samaru, Nigeria, Personal Communication, November, 1908, 


177 (EC 


178, ntstry of Agriculture, Forestry and Wildlife of Tanzania, Test Report 
No. 19/66/67, (Tenguru, Arusha, Tanzania: Northern Research Center, TAMTU). 
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Testers concluded the high cost of machine and engine makes it uneconomical 
for individual farts, but $t is suited for cooperotively-run farms where the 
crop 18 large enough to make the enterprise profitable. Modifications were 


suggested for safety. 


d) Small Stationary Thresher Many farmers in northwest Ethiopia 
are threshing sorghum by hand. A few like Markos Sideris have small, old 
[talian stationary threshers which they pull around from field to field. 

The sorghum heads are cut off close to the top with machetes or sickles and 
are placed in large piles scattered over the field. The thresher is belt- 
driven by a 45 to 50 hp. tractor and is hand fed by pouring baskets of grain 
into the cylinder. The grain is removed and bagged by hand. (Figure 3.62.) 





Figure 3.62 Threshing in Ethiopia While most threshing is till done by 
hand and animal trampling, a few of the larger farzers in the 
commercial faroing areas of northwest Ethiopia use mechanical 
means. “This Italian stationary Balouzzi-Rovida thresher ís 
being used to thresh sorghum. The heads are cut off by hand 
and thrown in large piles. The threshing rig is moved once 
or twice a day. Threshing capacity is 2000 to 3000 ke. per 
eight-hour day.  (AFR-153) 





4)  Sprayers and Dusters 


a) Solo Junior 410 This is a motorized back-pack sprayer mist- 





blower made by Solo Kleinmortoren GMBH, Maichingen, West Germany. Povered 

by a 2 hp. two-cycle engine, ft operates at 700 rpa. on about 0.93 liters per 
hour. The 8.3 liter liquid tank and frame are molded from one piece of 
light-weight plaetic and weigh 7.5 kg. complete with engine. The engine 
features the ignition magneto cast into the fan-vheel. The unit 18 very 
compact and has th» center of gravity near the back of the carríer. A 


valve in the air-hose acts as the throttle. To epray or dust, the valve ie 
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opened to accelerate the unit and closed to shut off the spray. The nozzle 
has four settings for direct spray of 0.58; 1.08; 1.78;or 2.36, liters per 
minute. 

TAMIU tested this unit and reported the calculated velocity of apray 
liquid vas 66 meters per second, giving a coverage of 606 cubic meters without 
nozzle and 354 cubic meters of effective delivery with ic. The average 
pressure of 10 psi gave 3.37 meteis of spray nist and TAMTU says various 
testa proved the machine quite satisfactory: it vas easy to carry; simple 
to operate; and a vido range of volume adjustmcnt to suit different crop 
etages provided sufficient liquid dispersion for good leaf coverage. The 
machine is rigid, íts vorkmanship good and there were no breakdouns or 
trouble of any kind. 

TAMTU concluded, 

If it sells at a [reasonablc] price in comparison 

with other sprayers in the zarket, the "Solo Motor" will 

prove extremely economical to Tanzanian farmers for all 

its advantages listed . . . Recommendation: This machine, 

given the necessary attention, will serve for the whole 

cropping season trouble-free, and we woulu, therefore, 

recommend it to farmers, particularly those investing their 


money in cash crops and food crops of any kind, end for 179 
other applications, viz. tsetse control and forest husbandry. 


b) Solo Combi 423 Sprayer Duster This machine is designed for 
either miet- or dust-spraying and is similar to the Solo Junior 410 but 


slightly smaller in size. Powered by a two-cycle 1.5 hp. engine its empty 


weight ic 7.75 kg. and weight, filled with liquid, te 19.75 kg. TAMTU also 
tested this machine for suitability to Tanzanian conditions, 190 They 


reported leaf coverage wan 87 percent and said, 


The implement proved satisfactory for the work it is intended 
for in conjunction with the following advantages: light weight, 
simplified operation, sufficient liquid dispersion, apray pattern 
being easily adjusted, good construction and workmanship . . . 
Civen the right attention as per leaflet provided [it] can be 
trouble-free at a considerable economic usage. If tle purchase 
price is moderate the machine is highly recommended,181 


c) Silon Knapsack Mist- and Dust-blover Thie combination machine 


designed for field and tree crops is manufactured by Metal Works, Nir-David, 
Gilboa, Israel. Two sudele are available: L35 with 1.7 hp. engine operating 





1? Minsstry of Agriculture, Forestry and Wildlife of Tanzania, Test Report 
No. 12/66/67/A, (Tenguru, Arusha, Tanzania: Northern Research Center, TAMTU, 
March, 1967). 


180, nistry of Agriculture, Forestry and Wildlife of Tanzania, Test Report 
No. 12/66/67/B, (Tenguru, Arusha, Tanzania: Northern Research Center, TAMTU, 
March, 1967). 


18l Thid., p. 4. 
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at 6000 rpm; Model L77 with 3-hp. engine running at 5000 rpm. The frame and 
blower are made of aluminum; and the liquid or dust tank from plastic. Air 

volume ia 150 liters per second and fuel consumption under one pint per hour. 
The blower features fast and simple conversion from sprayer to duster or vise 


versa without tools. Empty weight fe ll kg. and price in Ethiopia $128.00. 


d) General Characteristics of Knapsack Mist Blowers The Tropical 
Pesticides Research Institute (TPRI) has made extensive tests of epraving 


equipment in cooperation with other research stations in Eaet Africa. They 
have published numerous reports and a general review of their work is con- 
tained in a report made to the Specialists Committee on Agricultural 

Machinery in March, 1965, 18? 
mist blovers (Figure 3.63): 


In general, they say of motorized knapsack 


Engine speed decreases with increasing altitude and a 
reduction of 10 percent can be expected at 5000 A.S.L. (feet 
above sea level, equal to 1530 meters) . . . Measurements of 
air velocity four feet [1.22 netera) from a stationary wachine 
indicate that a 90 percent reduction ín velocíty takes place 
at this point. A range of spray outputs is usually achieved 
by fitting different restrictora, only four restríctors are 
usually available. However, liquid output is critically 
affected by the inclination of the lance (or discharge air 
tube) being markedly reduced as thv lance fs raised above the 
horizontal level. Output falls to 60 percent of normal figure 
when the lance is directed to the top of a 15 foot [4.6 ceters) 
coffee tree, and in some cases reduction in excess of 50 percent 
occurg when lances are raised vertically . . . Droplet sízes of 
mist blowere are, as their nane suggests, much etaller than 
those produced by conventional compression and hydraulic sprayers. 
An approximate guide to their droplet performance is as follows: 
for liquid outputs of 1-2 pinte per minute and 2-4 pinte per 
minute, the main droplet size j3 in the range of 80-130 and 130- 
170 eicrons, respectively. 


TPRI reported satisfactory control of disease and insects on coffee, 
which fs one of t^e main cash crops in East Africa. In Kenya, leaf rust 
has been satisfactorily controlled by well-timed applications of copper 
fungicides to arabica coffee, using approximately 93.5 liters per hectare, 
while in Tanzania, applications of only 65.5 liters per hectare proved as 
effective as conventional treatments of 1122 liters per hectare. In Uganda, 
a 91 percent reduction of antestia has been achieved by applications of 


84 
approximately 168 liters per hectare (2471 trees per hectare equivalent)... 





1820, Lee, A Review of Spraying Machinery Trials in East Africa, 
Miscellaneous Report No. 500, (mimeographed) (N'oro, Kenya: Egerton 
College, Agricultural Machínery Specialist Coamittee, 1965), p. 6. 


1831 id. , PP: 3-4. 
18 ibid. | p. 4. 
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Figure 3.63 A Solo mist blower used by the Plantation Crops Department 
of the University of Science and Technology at Kumasi 
Ghana These motor driven back-pack units are very effective 
for 6mall plantations to control insects and disease in 
cocoa, coffee, tea and other crops. They are available from 
German, Dutch, English and Japanese manufacturers, and are 
used extensively in eastern Africa for insect control in 
coffec and cotton.  (AFR-166) 








5) Grinding and Processing Equipment 


a) Small Scotzec Popular Hamcer Mill The mill has eight swinging 
hamxers directly coupled to è Briggs and Stratton 3 1/2 hp. four-stroke petrol 


engine. Mounted on a pipe pedestal with tripod base, it has a sheet metal 
feed hopper and direct bagging attachment at the bottom of the aill. Full 
circle screens are sized from 0.59 to 12.7 ma. diameter holes. Haynes re- 
ported that the hanners ore reversible four times and total life should 
exceed 35 tons of grinding. This mill fe reported no longer manufactured 
but similar models are available. Price was $224 for the mill and $8.40 


for extra screens in Nigeria. 
TASLE III. 23 OUTPUT OF SCOTMET POPULAR HAMMER MILL WITH 3 1/2 HP. PETROL 


CASOLINE) ENGINE® 


liters/hr. 
0.59 mm. hole 2.65 liters 


1.04 mm. hole 2.27 liters 





“Haynes, Interim Report on Tests on Ox-daaun Implements as Groundnut Lifters, 
p. 79. 


2-306 


One pass through the 311) with 1.04 cm. screen gave flour comparable 
to that obtained with two pasees through a plate mill. It can grind dry 
guinea com, millet and maize. Soaked guinea corn, maize and groundnuts were 
ground satiefactorily when extra water was fed into the hopper. In conclu- 
sion, Haynes says, "The Scotmec Popular Hammer mill has about the same out- 
put as a plate mill with an 8 hp. diesel engine and fe suitable for similar 
duties." It is recommended for milling for human consumption with the 1.04 
mm. hole diameter screen and for milling emall quantities of stock feed with 


the 6.35 mn. hole screen 185 


b) Kirloskar and SISCOMA Groundnut Decorticators Dr. W. D. Wadhwa 
in Ghana is selling several models of power-driven groundnut shellers impor- 
ted from India as vell ae other processing machines. He plans to manufacture 
the Indian ododels in Ghana, 196 

Kolyan A can be hand-operated or powered by a 5 hp. engine. The eug- 
gested engine is the Kirloskar water-cooled vertical diesel AVI running 
at 1500 rpm. Capacity of the machine is 650 to 700 kg. of groundnut poda 
per hour. The price in Accra fe $1,030.00 with a 5 hp. engine. 

Kolyan, a power-driven groundnut decorticator has a separator and brack- 
ets for removing clods and stones from groundnut pods. The suggested engine 
is the Kirloskar water-cooled vertical diesel model JUZ rated at 13-Bhp at 
1500 rpm. Estimated capacity ie 1000 to 1300 kg. per hour. The price in 
Accra is $2,530.00 with engine. 

SISCOMA Super Victory decorticator fe a rotary decorticator powered by 
a small engine or by hand. Output is 140 to 160 kg. per hour with 88 to 92 
percent of the nuts commercial ealeable, 7.5 percent cracked and damaged and 


l to 2 percent vaste. Current price is unknown. 


c) Wadhwa Cassava Grater Manufactured locally by Agricultural 





Engineers Ltd., in Accra, this machine ie an original design by Dr. Wadhwa. 
It is suitable for making starch, mashed yan, gari, kokontauy, and mori. It 
has three circular plates for grating coarse, fine or supertine. With a 

S hp. engine its cassava output is 900 kg. per hour. The Accra price with 
the 5 hp. Kirloskar diesel engine is $687.00 or $192.00 without engine. 
(Figure 3.64.) 


d) Palm-nut Crackere The Wadhwa cracker is another original 


machine made by Wadhwa. Powered by a 5 hp. engine at 1500 rpm., its 





1851 Kid. , pp. 79-80. 


186, n. Wadhwa, Managing Director, Agricultural Engineers Ltd., Accra, 
Ghana, Personal Comaunication, November, 1968. 
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Figure 3.64 Wadhwa's cassava grater; Accra, Ghana Wadhwa's prototype 


Codel of a cassava grater powered by a 5 hp. water-cooled 
German-made diesel engine of Indian design has a capacity 
of 900 to 1800 kgs. per hour. The cassava roots are fed 
into the top against the vertical grating cylinder and 
discharged out the bottom one side.  (AFR-257) 


estimated capacity is roughly 500 to 700 kg. of nuts per hour. The price ín 
Ghana with Kirloskar engine is $730.00. 

The SISCOMA "Colin" cracker, a portable self-contained cracker, hes been 
developed by SISCOMA with the cracking hampers mounted directly on the engine 
crankshaft nounted on wheels. The entire unit weighs 139 kg. Powered by a 
3 hp. engine with a special air filter its output is 300 to 400 kg. of nuts 
per hour. The quoted price in Dakar was $506.00. 


e) Maize Shellere Several models are being sold in eastern and 
western Africa but detailed specifications were not available. 

The Wadhwa sheller ia power operated; the price with engine is about 
$245.00. 

The Amiran maize sheller, a sinple platfom-mounted single-ear sheller, 
is available from Alda Ltd., an Israeli Company with branches in eastern 
Africa. Powered by a small 2 1/2 hp. Clinton engine, it has an estimated 
output of 400 to 450 kg. per hour. The price with engine fe about $260.00 
in Ethiopia. It is light enough to be moved around fron farm to fam by four 


ten. 


f) Sugar-cane Crushers The Koyna is a horizontal three-roller 
model powered by a 5 hp. engine; the capacity is 320 to 430 kg. of 8ugar cane 
per hour. The price with thc Kirloskar 5 hp. diesel engine ie about $1,310.00. 
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The Sharat No. 2A is a horizontal three-roller model povered by a 10 hp. 
engine, with a capacity of 545 to 680 kg. of sugar cane per hour. The price 
with the Kirloskar 10 hp. diesel engine is about $1,752.00. 


8) Irrigation Puspa There are several types of pimps. 

The Kirloskar diesel pump Set No. 1, sold by Agricultural Engineers Ltd., 
Accra, Ghana, is an end-suction, single-stage, horizontal bareshaft centri- 
fugal pump. It is mounted on a common base and coupled to a Kirloskar cold- 
Starting, water-cooled, single-cylinder, compression-ignition, four-stroke 
cycle diesel engine. The pump is water cooled with a suitable screw and 
foot valve. The capacity of the 7.6 x 7.6 cm. centrifugal pump at 9.2 to 
16.8 meters of total head and 1500 rpm. is 379 to 928 liters per minute. 

The Ghana price with engine is $606.00, plus $60.00 for accessories consis- 
ting of 7.6 meters of suction hose, 15.3 meters of delivery hose and benda 
(Figure 3.65.) 





Figure 3.65 Kirloskar (Indian) dfesel-powered irrigation pump seen in 
Ghana “This type of pump with eelf-contained engine can be 
"aad far aunniving one of the maior limiting factore to in- 
creased productíon ín Equatoríal Africa. Throughout the 
tropics there ure Jew areas which receive sufficient rainfall 
for year-round crop production. Distinct wot and dry seasons 
require development of water resources if more than one crop 
is to be grown and if adequate control is to be exercised 
over high-value crops. .High-yielding varieties which make 
maximum use of fertilizer and other agricultural inpucs can 
be grown in multiple-cropping programs if irrigation can be 
Supplied at reasonable coste. (AFR-365) 
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The Kirloskar diesel pump Set No. 2 1s similar to the pwap above except 
for a 6.4 cm. x 5.1 cm. bareshaft centrifugal pump. At 1500 rpm. against 
a total head of 12.2 to 21.4 meters, the diecharge output is 303 to 530 
litere per minute. The price 1s $606.00 plus $60.00 for hose and couplings. 

The Singer Company markets a small direct-drive centrifugal írrigation 
pump with self-contained engine and stand, in addition to the outboard-drive 
models used with the "Landmaster" two-wheel tractor. Various Outputs are 
avaílable for agricultural and domestic purposes. The príce of a 5 by 5 cm. 
irrigation puzp without engine is about $175.00. 

The Middle Awash Settlement Scheme in Ethiopia uses four diesel engine 
powered portable Sane punps for pumping water into a main canal for flood- 
irrigating maize and cotton. Pump capacity te approximately 3030 liters 
per minute. (Figure 3.66.) 





Figure 3.66 Melka Werer Research Station pusping site on the Awash River 


The concrete apron on which the pumps stand te being ex- 
tended and the gradient in the foreground concreted. This 
permite the pumps to be easily raised when the river floods. 
This area receives only 10 cm. average annual rainfall so 
that vater supply and control are major factors in the 
ésvelopment of the fertile soil.  (AFR-224) 


6) Output, Power, Capacity and Labor Required 


a) Small Tractute: Two-Whselo? Por thc Titan Merry Tiller, 
according to Cooper, rate of work varied from 47 to 950 Square meters per 


hour according to the type of work done, soil conditions, depth of vork and 
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18? 
experience of operators. Fuel consumption varied fron 0.43 to 1.04 litera 
per hour. The power unit was considered adequate for general conditions «ith 
the V-belt drive used at its lowest speed to produce a satisfactory tilth. 
When the high speed was uscd, there was a tendency to break the soil-cruab 
structure and overload the engine if six rotors were used to depths of over 
15 cm. at high altitudes. With resacd to capacity and effectiveness for 
form operations, Cooper said: 
After rain fell, the soil was worked to a depth of about 

15 cm. During secondary cultivations, thick lush stands of 

weeds up to 15 cm. high (mainly arazantfius, Mexican marigold 

and clcavers) were satisfactorily chopped and mixed into the 

801l with very little blockage. An old pasture ffeld, which 

was badly infested with wire grass "tussocks" had been plowed 

two months previously with a Jisk pleugh and left in a rough 

state, was broken down and left 1n suitable condition for 

planting in one pass. Inter-row cultivation of maize was 

carried out efficiently after the maize plants had reached the 


height of 15 em.; the soil 'cap' was effectively broken and most 
of the wceds vere destroyed. 


The moverent of soil to the plants was < good feature in 
smothering weed growth between the plants and for the preven- 
tion of soil erosion, but when done while the malze secdlings 
were very small, there was a danger in smothering then. Traction 
was good in most conditions but 'flufiv" patches in volcanic 
soils caused the machine to dij; in and occasionally reguired a 
little help from the operator to maintain forward movement, 188 


The only available cota on sore typdoal field capacities and outputs 


189 
for the Landaaster 15U tractor were measured by Rao (operations In India): 


l. Dry-land Moldboard Plowing: Capacity ner efght-kour daz equaled 
0,2 to 0.4 hectares per day. Tire was about 20 to 30 hours per hectare for 
average líght-soil conditions, and up to 37 hours per hectare or more under 


severe conditions. 


2. Puddling and Leveling Rice Paddy: About 0.4 to 1.4 hectares per 
day or 6.0 to 20 hours per hectare; actual time on different soils varied 


from 5.5 to 24.7 hours per hectare. 


3. Ridging: The output was about 1,225 meters of ridge per hour when 
conditions were favorable. Ridge size was 27 cm. from bottom of furrow to 
creat on plowed lend. 

4, Rotary Cultivating: Output was 0.4 to 0.8 hectares per day under 


most conditions, dropping to 0.27 hectares per day when going was difficult. 


18? cooper., Test Report en a Watkirng Tracter, p. 1. 


LBB Kid. 


mid SONE Rao,"Mechanization for Small Holdings Having Intensive Culti- 
vation of Crops and for halu Areas, (Neu Delhi: India Agricultural Research 
Institute, n.d.) 
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Actual time ranged from 10 hours per hectare up to a high of 29.6 hours. 
Farmers in the Meru area of Kenya are cultivating around their coffee and 

fruit trees. Parkins eays they can cover 0,8 hectares per day containing 

700 trees at a fuel-cost of 9.36 liters per hectare or about $1.40 per hectare. 
To hire this work done by hand cost 10¢ per tree for 700 trees or $71.00. 


One Landmaster tractor also can weed 1.2 hectares of sugar cane a diy, ^" 


5. Irrigation Pumping: At 2500 to 3500 rpm. engine speed, the 5 cm. 
outlet pump delivers according to the manufacturer: 
180 liters/nin. against 21.4 meters total head 
360 liters/min. against 16.8 meters total head 
450 liters/min. against 12.2 meters total head 
6. Crop Cutting: With 91-cm. cut at low spced, capacity is 1.6 hectares 


per day or five hours per hectare. 


7. Threshing: Up to 1,360 kg. of rice can be threshed per hour, depen- 
ding on yield, dryness and maturity of the crop, 71 


b) Small Tractors: Four-Wheel Test reports or data on work capa- 
cities of tne smaller four-wheel 7 to 12-hp. riding tractors were not avail- 
able in Africa. Apparently no one has tested their suitability for use by 
small formers. While it is believed they have a place under conditions of 
good local service and with proper training, no operation costs or capaci- 
ties are available to substantiate claims. This is an area of investigation 
sorely needed and one which could be conducted effectively by national research 


centers or investigative groups. 


7) Sk111 and Management of Small Tractors 


a) Small Tractors: Single-Axle, Two-Wheel In a test of the Titan 


Merry Tiller, Cooper aiya Yé 


As with most motonized cultivators, the quality of work 
depended Largely on the operator's desire to produce good 
results. Under the conditions encountered during the test 
the machine was capable of producing good work, and at no 
tine was the tilth over-worked. When used to break Rhodes 
grass ond Kikuyu grass pastures, it was necessary to reduce 
the number of rotors to four to achieve penetration. Most of 
this work was done when the ground was in a hard dry com- 
pacted state in preparation for the main growing scason, thus 
the penetration was restricted to 7 to 10 cm. but, while this 
task vas tedious, the grass kill was most effective. 





190 kenneth Parkins, Landmaster Agent, Singer Sewing Machine Co., 
Nairobi, Kenya, Personal Communication, October, 1968. 


191: bid. 


1925 M. Cooper, Test Report on a Walking Tractor, p. 1. 
(Italics added by author of this Chapter.) 
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Generally, the machine was easy to handle by experienced 
operators; most operators became familiar vith ite handling 
characteristics after about one hour's practice. It was found 
that an operator could control it very accurately for inter- 
row work; if there was any narrowing of the rowo a rotor could 
be removed in one minute thereby reducing the working vidth 
of the machine. In a similar time the machine could be con- 
verted to ite original width. 


When working on sloping land the machine was easier to 

handle by working downwards acroes the slope. Slight side- 

ways movement assisted penetration ín hard conditions. 

In using small tractors or rotary cultivators like the Landmaster 150, 
good judgment and common sense are required to adapt the machine to especial 
conditions and to obtain the best performance. These szall aachines have 
adequate power when properly applied. Firet-hand experience in the field 
is the best way for farmers to learn, but certain pointers can be taught to 
the beginning operator to avoíd unnecessary difficulties and frustrations. 
The proper selection and use of tools and attachments properly matched to 
soils, vegetative conditions, engine-power, and speed will provide satis- 
factory performance. 

In dry-land plowing, when weighted rubber tires will not grip, steel 
plowing wheele can be used at slow speeds. In wet-land plowing in very 
stiff soil, wheel weights can be used with rubber tires to advantage; 
in very soft soil a wide puddling-wheel (about 45 cm.) can be used on the 
left side only. In rotary cultivation curved blades are best for medium 
soils, inter-row weed control and shallow cultivation. Slasher-type blades 
are needed for heavy, hard soils, heavy, wet clay soils and heavy weed growth. 
Blades should be staggered to form a spiral around the axle. The proper 
height in walking tractors fe important to the operator's comfort and control. 
If too high or too lov early fatigue will be caused. In threshing, saxioun 
efficiency depends upon feeding the crop into the cylinder evenly anJ con- 
tinuously. The correct concave to drum clearance must be set at the recom- 
mended distance (6.3 mm. for rice on the Landmaeter thresher) for proper 
threshing. The engine also must be regulated to give the proper speed of 
1500 rpa. under load. In operating small two-cycle engines, the correct ofl 
and gas mixture must be used and kept absolutely clean. A special container 
should be used to prevent confusing the fuel mixture with other materíals 
such as insecticide, fly spray, oil or plain gasoline. Under dusty conditions, 
air cleaners must be serviced frequently, especially units located close to 


the ground on smell tractors. This may require more than one daily service. 
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Large Engine-powered Machinery 


1) Tractors 


The most common tractors in Equatorial Africa are the standard utility- 
type four-wheel tractors with 50 to 65 hp. diesel engines. Some tractors 
are equipped with four-wheel drive, including the Same, Fiat, Universal 
and Utos. The trend is toward large tractors. Distributors in Ethiopia 
and East Africa report the major demand ts for the 65 hp. size, with prefer- 
ence in many places for the recently introduced 70 hp. models. Wherever 
tractors are properly managed and maintained on commercial-type operations, 
maxinun use is made of skilled operators by increasing tractor size. 

In Kenya, for exanple, one large farmer replaced four smaller 45 to 
50 hp. tractors and four operators with one large 110 hp. tractor and one 
man. The farmer stated that more work is done at a substantial saving in 
operating and labor costa. 1?? Th s applies only to large farms generally 
operated by expatriates. These faimers also have organized their farma to 
complement the use of large machinery by making long fields, generally of 20 
hectares or more; by providing good access; by clearing fields of all ob- 
stacles; by making land improvements such ae drainage ditches to minimize 
wet spots and by building diversion terraces and bunds for water control. 

These large tractors (110 hp.) are used primarily for plowing and land 
preparation. The farm unit has to be large to caploy them economically, or 
they have to be used on contract work for others. Several large contractors, 
private Swedish and Asion as well as the Ministry of Agriculture in Kenya, 
have purchased large units to plow land for the Masai Wheat Scheme and land 
formerly farmed on a share cropping basis. 

For the larger African farmer or farmer-contractor in eastern Africa, 
the middle-size 50 to 65 hp. model is ample to meet most requirements when 
properly operated and fully utilized. (Figure 3.67.) Unless the contractor 
can find enough vork on large farms, or plov large blocks for group or 
cooperative farms, he will not be able to effectively employ a larger tractor 
unit. There will be too much time lost in turning, starting and finishing, 
traveling between small iots, and wasted making agreements and trying to 
collect bills. In northern Nigeria where the soils are quite light, Hewitt 
said the small 45 hp. tractor such as the MF-135 was the most popular size. 19^ 


Under these conditions, especially where tillage depth is limited by shallow 





1936 M. Downing, FAO Machinery Advisor, Ministry of Agriculture, 


Nairobi, Kenya, Personal Communication, October, 1968. 


134p. Hewitt, General Manager, British East and West Africa Company 


(Massey-Fergusor.) Apapa, Nigeria, Personal Communication, November, 1968. 
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Figure 3.67 Tractor use in Ethíopía Sone Ethiopian farmers are purchasing 
modern implements and tractors. Two employees are drilling 
cabbage for seed on a private farm north of Asella in south 
central Ethiopia. They are sceding without fertilizer al- 
though tests have not been made for deficient clerents. The 
concepts of row planting and mechanical sowing are new to 
most farmers and represent major changes. (AFR-2 32) 


topsoils, this tractor can cover almost as much ground as the larger 65 hp. 
tractor working heavy, sticky, or hard clay soils at the high altitudes 
found in many parts of eustern Africa. 

In Chana, nost of the wheel-tractors are Czechoslovakian Zetor Super- 
50's owned by the government. They were purchased in the early 1960's to 
provide a tractor-hire service to famers. These units are 50 hp. in size; 
and when properly maintained and used with suitable implenents in good re- 
pair, they are capable of doing satisfactory work. Unfortunately, maintenance 
has been deficient and certain critical purts remain in very shore supply 
so that a majority of the tractors and implenents are ünserviceable, 
(Figure 3.68.) 

The same situation exists to a lesser degree ín Nigeria where most of 
the tractors and machines ave f-itish or American. Many units are in dis- 
repair because of parts shortages duc to inport restriction, too many makes 


and models, and lack of finances as a result of the current situation. 





195 ax Starnes, USAID Farm Hachinery Advisor, Survey of Northern Region, 
Ghana, Personal Communication, October, 1968. 
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Figure 3.68 Tractor repair workshop A fev of several hundred 35 and 
50-hp. vheel tractors brought ín for repair fron Workers 
Brigades, Resettlenent Schemes, Mechanization and Transport 
Pools, government State Farms in the Northern Regíon of 
Chana. Most of these have less than 1000 hours of use and 
have been out of service for 3-6 years. Tires, tubes, bat- 
teries, generators, injectors and injector punps are criti- 
cal items in short supply.  (AFR-261) 


Preventive maintenance is 3 Major problem throughout Equatortal Africa. 

In Setit-Humera, Ethiopia, the average farmer clains use of his tractor 
about 1,000 hours per year, providing there are no breakdowns necessitating 
long repairs. The owner of the largest farm with 6,500 hectares, reported 
he averaged 1,800 hours per year per tractor with 20 tractors. The average 
life of his tractors is five to six years or about 8,00U to 10,000 hours. 
After the second year of operation, at 3,500 to 4,000 houra of use, he 
overhaule each tractor completely; and thereafter every 2,000 hours. All 
major repair work is done at a private garage in Asmara. In 1967/68, 1t 
was difficult to purchase o11 filters and fan belts, but this should be 
rectífied in 1969 with the establishment of at least four major repair and 
service shops in Husera.  Setit-Husera is e unique area of development 
and the largest farmer's record is far above average; the average Ethiopian 


farmer in this area probably averagea only 50 to 60 percent service life. 


2) Tillage Tools and Practices 


a) Two-Spring Disk Plows Until 1967 the tractor disk-plow was used 
alaost exclusively in eastern Africa and by the large plantations ín Ethiopia. 


Since that time, a number of fima have tried and accepted moldboard plows. 
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Minto, Cooper, Downing and others still feel ther» is a place for the disk 
plow in Kenya; and one, the Buff^lo, has been tested and rated as vety good 
by the Kenya Agricultural Machinery unie. 1?6 (Figure 3.69.) 

In Ghana and Nigeria, the disk plow also predominates. The land requires 
2 to 3 disk havrowinge in order to prepare it. However, these repeated 


diskings tend to overwork the soil and thus subject it to erosion. 





Figure 3.69 Buffalo (Kenya) hcavy-duty disk plow made by small metal shop 
This plow is an example of an agricultural tool built in 
eastern Africa which has successfully competed with major- 
line manufactured imported tools on the basis of qualicy and 
price without restrictive tariffs. Testcd by Kenya Agrícul- 
tural Machinery Unit this tractor faplement performed very 
well and proved its suitability to East African conditions. 
(AFR-517) 

b) Moldboard P'ouvs Tractor plowing contests in Kenya, brought 
quick acceptance of moldboard plows due to rheir superior job of turning and 
burying trash. With the same horsepower tractor, they also increase the 
cutting width and the effective output of the tractor under good conditions. 
Because the moldboard does a better job in grasslands, it makes it possible 
to prepare land for planting with only one disking. After comparing the 
results of the plowing contests, quite a few contractors began offering 
coldboard plowing and charging more for it. (Figure 3.70.) “hen che 
tractor-hire services do a good job of plowing, the hand farmer can oc. 3117 
prepare the land for planting and he ig willing to pay sore. Tucger fawr 
and plantations, like Tendaho in Echloptu, also ate topting the woldlsard 


plow. 





196 y, Cooper, Expression of Opinivn, Report No. 860, (Kenya Agricul- 


turol Machinery Unic, n.d.). 
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Figure 3.70 Moldboard plowing in East Africa Student from the Narosurré 
Fam Mechanization Training Scheme used this Danieh plow to 
win the South African world plowing contest in 1967. The 
plow fe being tested by the Kenya Agricultural Machinery 
Unit. In addition the effect of different types of tillage 
(disk plow versus moldboard) upon crop response is also 
being studied.  (AFR-105) 


c) Offset and Tanden Disk Harrows In Kenya the Tractor-hire 
Service has founc the heavy-duty offsct disk very effective in the Masai 
Wheat arco. After disk plowing, the land is disked once or twice depending 
upon {ts conditicn. Downing says thc best harrow to use with the Ford 5000 
6? hp. tractors is the French-aade international Harvester F-29 B, single- 
offset 285-cm. wide disk. (Figure 3.71.) Tandem transport-type disk harrows 


are used in many operations, 


d) One-way, Wide-level Disk Narrow In large open plains arcas of 
Ethiopia and Sudan, this tool is very pcpular. I: fe used on the vertisol 
soils which require only minimum tillage. Its primary purpose is to control 
weeds and to fil) the deep cracks which occur us the soil dries out. Several 
cormon makes are John Deere, Massey-Fergusen, Cockshutt, and Nardi. The 
harrows generally have 18 to 24 disks 45 ca. in diameter and the average width 


of cut is J to 3.6 meters, respectively. (Figure 3.72.) 


e) One-way Disk Plows In Kenya the ‘arge, one-way, Australian 
Conner-Shea disk plow does very good work in the mellow, friable wheat-land 
soils which pulverize easily. Each of the 24 dieks fa independently sprung, 
making it particularly good on slightly rolling land. It works beat at a 
specd of 5.6 km. per hour. (Figure 3.73.) While quite expensive, it 18 very 
well-constructed and does an excellent job. Downing states that it triples 


the output of the Ferd 5000 comparcd to the regular four-furrov diek plow. 12? 





197 ovning, op. ct. 
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Figure 3.7] 





Figure 3.72 


Disk harrow used in Masai Wheat Schene Disking for second 


(1968) crop on land first plowed in 1967. “This type of disk 
harrow is popular with expatriate farmers and is being manu- 
factured in Kenya by three firms. The Ministry of Agricul- 
ture rents the land from the Masai tribes, and docs the 
organizing, plonning, opernting, producing and marketing for 
the crop. At the time of sale the MOA charges the farmers 
the actual cost of production and takes it out of the gross 
crop receipts.  (AFR-100) 


id 
f. 


` 
⸗ 


etna aY 


One-wa wide-level dish harrow (British) useu in Ethtopia 





and Sudan Thie implement is the only tillage implement used 


in northwest Ethiopia and in parts of Sudan for the produc- 
tion of sorghum, cotton and sesaze. The rich Vertisols tend 
to be self-mulching as they crack when they dry out. Prepar- 
ation for seeding the next crop at the beginning of the 

rainy season primarily requires that the cracks be filled 
and weeds killed. When used in a good system of cultivation 
practices, weeds can be controlled within the limits of a 
mininum tillage prograna. In Ethiopia, the seed fa broadcast 
and thie same disk used for covering as the final operation. 
(AFR-13) 
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Figure 3.73 


Australian-built Conner-Shea disk plow belig used on nasal 
Wheat Scheme in Kenya The operation will disk under a heavy 


volunteer crop of wheat in preparation fcr drilling. This 
land was disk plowed the firet time in the 1967 season and 
this is the second time it has been plowed. The soil pul- 
verizes very readily and reduces to fine dust if dry and 
overworkcd. “The l4 independently sprung dieks follow the 
rough ground contour and do an excellent job of breaking 
the land to 10 or 15 cm. The capacity of a 60 hp. tractor 
is greatly increased with this tool over the conventional 
3 or 4 furrow disk plow.  (AFR-99) 





Figure 3.74 


Large chisel plow (Australian) used in wheat roduction: 


Tanzania In the semi-arid region of northern Tanzania, the 


Northern Research Station of the Ministry of Agriculture, 
Forestry and Wildlife has show that high yields can be 
obtained with minimum tillage. This epecial tillage tool 
leaves nearly all of the stubble and vegetation on top, 
conserving noleture and protecting the highly erosive soil 
from wind and water. A system of contour strip cropping 
is also employed so that'only about 50 percent of the land 
fe in crops at any one time. (AFR-SU8) 
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f) Chisel Plous “There has been marked interest in chisel plovs 
for the arid and semi-arid regions where moisture conservation and wind 
erosion are critical. For trash mulching to leave most of the vegetation 
on top, the chisel plow perforas very well. (Figure 3.74.) McCartney at 
the Western Kilimanjaro Research Station in Tanzania got excellent results 
with this nethod and strip tillage. 1?9 40 to 60 percent of the land arca is 
plowccs cach half-year and planted in wheat. This is done ín contour strips, 
SO that at any tiac half the land is under cultivation and the rest under 
a heavy stubble mulch. Results show increased wheat yields, better 8011 
tilth, higher moisture retention, and protection from wind and water erosion. 

This system compares favorably with the action of the indigenoua plow 
except that ft can be done sore quickly and effectively with tractor power. 
Deeper penetration is secured and only one operation is required with the 
larger tools. Seeding is done by dropping the seed into the sulch and harrow- 
ing it in with a long rigid-tooth flexible harrow pulled directly behind the 


simplified seed drill without furrow openers. 


g) Bornu Complete Tillage Machine This special tool was developed 


by Shanbaugh at Maiduguri, Bornu Province, northeastern Nigerta after five 
years of adaptive research and field trials. (Figure 3.75.) It is a simple, 
basic and rugged machine to be used with a standard-size, four-wheel, utility- 
type tractor with Category II three-poínt hitch for full mechanized faraing 

in developing countries. Ie is capable of providing almost any degree of 
mechanized assistance to hand- and animal-powered farmers through a contract- 
hire service or when operated by a farmer-contractor for his neíghbors. A 
complete description, including assembly instructions and parts is given in 

a special report. 1? 

Shambaugh saye the Bornu Complete Tillage Machine, with the attachments 
described, can handle all tillage operations from initial breaking through 
the weeding of row crops up to 1.5 m. tall. He reports that the cost of 
the complete machine equipped to do primary tillage, weeding and fertilizing 
is $1,003.00 for stundard implement parts, plus about $12.00 for locally- 
made parts, for a total cost of $1,015.00 including freight to Nigeria. 


198) McCartney, Agricultural Research Cfficer, Tengeru Northern 
Research Station, Tanzania, Personal Comunication, October, 1968. 


199 6+anbaugh, Bornu Complete Tillage Machine, p. 18. 
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Figure 3.75 Bornu Complete Tillage Machine (USAID/Nigería Developed 
by Shambaugh in northeastern Nigeria, thíg multi-purpose 
tractor-powered toolbar is assembled from standard manufac- 
Cured parts. It can be used to assist the hand- and animal- 
povered farmer as well as doing the corplete job of mech- 
anically tilling, planting, cultivating and harvesting 
groundnuts. Only a few special attachtents and mounting 
brackets are necded to adapt the tools to a standard-model 
farm tractor. With two row coverage its average capacity 
is approximately l to 1.5 ha./hr. The overall cost for the 
toolbar and attachments for tillage, weeding and fertilizing 
is about $1,015 including freight to Nigeria (1968 prices). 
(Photo courtesy of T.J. Sharbaugh, Jr., USAID/Nigeria, 
Industrial Development Center, Zaria, Northern Nigeria, 1969) 








Figure 3.76 Seed-box attachnent for one-way vide-level disk harrow A 
few seeder attachments are found in northwest Ethiopia but 
none are currently being used in the Setit-Himera area. 

The famers say they vaste too much seed, are not accurate 
enough to give good etands or too costly because they need 
60 many units to cover their large areas in a short tine. 
As a result cotton, grain sorghum, and sesane are all 
broadcast by hand and veeded with a hand hoe since mechani- 
cal cultivation is not possible. After two or three years 
of cropping most farmers complain of greatly reduced yielde 
even though the soils are fertile. Uncontrolled veeds 
appear to be the major cause. Farmers in Sudan are reported 
to be successfully using thesc seeders for sorghum and 
sesame production.  (AFR-14) 
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3) Planting and Seeding Tools and Practices 


a) Seed-box Attachnents for One-way, Wide-level Disk Harrovs 
Although a number of Ethiopian farmers have these units they are not being 


used for sowing sorghum, sesarc or cotton. (Figure 3.76.) One large farmer 
with three units said he would have to have a minimum of nine more to get 
his seeding done on tioc. He prefers to usc 30 to 40 men broadcasting by 
hand and then covering the seed with the wide-level, one-way disk harrow. 


Similar units are used for seeding, however, in other countries such as Sudan. 


b) Four- and Six-row Toolbar Planters The Tendaho Plantations in 
Ethiopia are able to plant 20 to 25 hectares per l2-hour day with a four-row 
planter on 90 cm. spacings. No fertilizing or spraying is done in this opera- 
tion. Converting the planters to six-row units by extending the toolbar and 
adding half of another four-row planter, they were able to increase the cffec- 


tive capacity to 35 hectares per 12-hour dug. N (Figure 5.77.) 





Figure 3.77 Six-row planter made from modified four-rov lanter in 
Ethiopia Where fields are large and long, level, frce of 
obstruciions, wet spots and other hazards, a marked increase 
in cape:ity and efficiency can be achieved by skilled 
operators vith larger equipment. Tendaho Plantations achieved 
& 200 to 300 percent increase in field capacity with four- 
row plantere fron 1966 to 1968. In 1968 the introduction of 
the six-row machine in place of the four-row further increased 
output 50 to 75 percent. While part of the results vere 
obtained with better physical equipment and facilities, auch 
of the credit goer to machinery operators who knew their jobs, 
properly maintained equipment, and kept idle time to a 
minioum. (AFR-492) 








200, ( chael Harley, Farm Equipaent Supervisor, Tendaho Plantations Share 
Company, Addis Ababa, Ethiopia, Personal Communication, Septenber, 1968. 
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c) Hoe Drills for Rough Land Wheat-seeding In preparing virgin 
land and reclaimed land in the Masai Wheat Schene in Kenya, Downing reported 
that good plant stands were impossible to get using the disk plow and stan- 
dard seed drill. The disk drill rode over the top of the rough surface, and 
the seed germinated prematurely or seedlings failed to survive. The yield 
was reduced and wind erosion encouraged. The use of an independent ly-sprung 
hoe drill with furrow openers gave nuch better stands and placed the seeds 
at the desired depth. Because of the heavy trash mulch, ít was necessary to 
use a drill with staggered shanks to prevent blockages. 

The Australian Conner-Shea hoe-drill did an excellent job according to 
Downing. He says: 

The Conner-Shea ‘tine cultivator-combine' is a four-rank, 

18 cm. spaced, 18 hole drill. Each tine is independently spring- 
mounted and the complete unit costs $1,075.00 on rubber. It has 
a fluted-wheel seeder with a fertilizer box. Its worst fault íis 
the small seed box holding only 136 kg. of seed. The operator 


Must also grease the bearings on the disks. It will clear and 
pass large amounts of trash und works well in newly prepared land. 


d) Bornu Complete Tillage Machine for Row-marking, Planting and 


Fertilizing 


201 


The machine is used for: ripping the row arca where the 
fertilizer and seed are to be placed for better seedbed prepa- 
ration and to attract more of the first moleture to this deeper. 
tilled area; application of starter fertilizer to the side and 
slightly deeper than the seed to be hand planted; weed control 
just ahead of planting; marking two rows for hand planting at 
exact spacing. The farmer must carefully plant exactly in the 
marks left by the rear 51 cm. wheatland sweeps in order that 
the two marked rows will be exactly 90 cm. apart which is 
essential for two-row mechunical cultivation. The farmer will 
then thin and transplant tie crop and do as much hand weeding 
as he can. When the labor and cconomic situation permits, two 
25-B John Deere'or similar unit planters may be attached to the 
rear toolbar insteud of the two 51 cn. wheatland sweeps ond the 
planting and fertilizing done by machine. The capacity of the 
machine for this work should bc approximately 1.2 hectares per 
hour, ^U? 


4) Weeding Tools and Practices 


a) Rov-trop cultivaters in muse parts of equatorial Af-tca, 
weeding ie Atill ‘tone by hand even waere lind fo , cp red .y trncto^s. sont 
Cédctor-haire dervices de not offer a planting or calvivating service, nor Jo 
hand farmers Leite it at this «"age of avveiopnent, 


With their limited resources. «aall farmers canrut afford to hire ertra 





“senti up. oct. 
102 c lianbauga, Bornu Complete Tate Mucune, p. 4, 
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help except for tillage. But, if crops are nel planted in "Üralast parallel 
trowk, it 18 not possib!. to cultivate then mechanically or econoz.lcally. 
Cultivator shovels cannct be worked close enough te the PEATS ker )ek4cctcve 
weeding wiless the rows are very carefully marked with a Zu tow-mank ang 
device and planted precisely by hand. (Figure 3.78.) Where the tractor-hire 
Services are doing work for large farms and settlements which are equipped 


with row planters, sone row crop weeding fe done. 


b) Toolbar Cultivators Most Anerican and European mid-mounted 
cultivators for row crops are too complex an. costly for African conditions. 
Plantations and large comercial faras raising row cropy generally have favored 
a rear-mounted toolbar cultivator thet can br assenbled from standard con- 
ponents, which is sinple, rugged and relatively inexpensive, With good til- 
lage practicee and weed control before planting, the job of {nter-row weeding 
is minimized. The Tendaho Plantations made such wits which were ekfective 
and gave very good weed control wren the cultivations were time fu and well 
managed. (Figure 3.79.) 


c) Bornu Complete Tillage Machine for Row-Cro Cultivation 0? The 


machine is equipped for multiple-row weeding of o11 crops fron emergence to 

1.5 meters tall. Two rows Can be cultivated at the sane tine, but they must 

be equally spaced. On sandy soils with grassy weeds, 1/2 ca. steel rods 

23 cm. long and 5 cm. apart, velded on the under side of the cultivator shovels, 
assist in throwing the weeds Out of the soil. Washers Placed between the top 
of the sweeps and the Standards give more pitch to the sweeps to increase 

throw. These Suggestions, plus a speed of 8 kr. per hour result in satisfac- 
tory weeding. 

Alternate rows are weeded to make ít easier to turn at the ends. Depen- 
ding on the accuracy of the rov Spacing and skill of the operator, the front 
round-turn knives Bay be set to weed closer to the plants. For later cul- 
tivation of all Crops except groundnuts that need more dirt ncar the plants, 
the round-turn knives can be replaced vith half vheatland sweeps. For addi- 
tional earthing up, diek-hillers or lieter-bottoas Can be used at the last 
cultivation. 

The capacity of the machine is approximately 1.4 hectares per hour. 

The Bornu Tillage Machine also nay be equipped to add fertilizer to the 
growing crop while Cyltivating. 

The Bornu Complete Tillage Machine was assembled from Standard U.S, 


farm machinery parts with the exception of a few simple locally made attach- 
204 


ment parts. It consists of a double 198 ca. toolbar with various 
203 


Ibid., p. 5. 
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Figure 3.78 





Tractor mounted J-point hítch riding cultívators (Czecho- 
slovakian) seen in Ghana The selection of agricultural 
equipcent for usc in a devcloping country must be compatible 
with the crops, stage of agricultural development and needs 
of the farmer. These manually operated tractor-powered 
cultivators have never been used in western Africa. (AFR-548) 








Figure 3.79 


Simple tractor toolbar cultivators (U.S. and British) This 
ioplement can be locally assembled from standard parts. 
Simple, sturdy, inexpensive and effective tools are needed 

in developing countries. land te often not properly cleared, 
destunped and drained and tools receive very hard use. 
Multiple purpose tools, simple and rugged, are needed to 
work and bring into production newly cleared or reclained 
lan. with minimum expense, adjustment and breakage of the 
machinery. High clearance and tríp-action working parts 
help in avoíding damage.  (AFR-499) 
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attachments for primary tilluge, weeding and fertilizer application. It can 
be used efther as a 2.14 meter wide ripper, field cultivator or a two-row 
weeding machine with a fertilizer side dressing attachment. Many other 
attachments such as rotary row weeders, groundnut lifters, and planters 

can be attached to the basic toolbar frame as the need arises. 

Primary tillage or ripping should immediately follow crop harvest before 
the soil becomes too hard. It leaves large clods to absorb as much of ihe 
eurly rains as possible. If difficulty is encountered in getting proper 
penetration, the chisel points have probably vorn off and need replacesent. 

A Set of right and left twisted shovels may be used instead of the double- 
pointed chisels for handling and covering zore trash. 

The Bornu Tillage Machine is cquipped for complete weed control. Each 
of the blades of the sweep-type shovels overlaps 5 ca. and should run at a 
depth to cut off the weeds and at a speed fast enough to shake all of the 
dirc froa the roots of the plants. In extretely heavy weeds, narrow sections 
of peg-tooth harrow can be pulled behind the cultivator between the rows. 

The cultivator should be used often enough te keep the weeds under 15 cm. 
tall and to keep vine-like plants under 30 cm. lorg. If vines arc the main 
problem, disks and straight standards must be substituted for the shovels and 
curved standards. This machine should he operated at B to 9.5 kiloneters 
per hour to provide proper soil turbulence, giving it a weeding capacity of 


approximately 1.6 hectares per hour. 


5) Marvesting and Threshing Machines and Practices 


a) Large Stationary Thresher A number of large, old, Hungarian 


and Italian threshers are used ín south central Ethiopia. They are pulled 
around from farm to farm and used to thresh wheat and barley for the larger 
farmers. The service is offered as part of the contract-hire work done by 
che Kulumsa Seed Multiplication Farm operated by the Swedish CADU project on 


agricultural developaent. 


b) Sesame llatvester A new machine has been developed by the Laverda 
Company of Italy to cut and bundle sesane and reportedly it can do the work 
of 100 men. It was exhibited at the Asmara Exposition in February, 1969, 
and ig being tried for the first time this year at Setít-Huzera. No infor- 
mation is available on soles, capacity, cost ot specifications of the har- 
vester. Cutting sesane vas mentioned as the main problem of Setit-Hurera 


farmers in 1968. (Figure 3.80.) 


c) Self-propelled Combine The Grinaldi Italian farmers south of 
Tesseni in northwest Ethiopia are using combines for harvesting ond threshing 


their grain. They recently purchased o Massey-Ferguson 410 with 3.67 meter 
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Figure 3.80 A new Italian self-propelled sesame harvester geen ín 
Ethiopia Early in 1968 the Setit-HMumecera farmers stated a 
major problem was getting sesane harvested before it shattered. 
While hand labor can easily harvest and bundle sesane, the 
tine period (of 2 weeks) after ripening is very short. Unmet 
demands for higher wages left many farmers holding empty bags 
in 1967. Introduced at the Asmara Exposition in 1963, this 
harvester was first seen in northwest Ethiopia in February, 
1969. It can cut and tie an estimated one-half hectare 
per hour at a speed of 4 kph. This is an exarple of a speci- 
fic tool which might be designed by a national research organ- 
ization. (AFR-447) 


cut and grain tank. Fields are 2 ka. long so little time is wasted in turning. 
The speed of operation was very fast on dwarf sorghum, averaging 13 kph. This 
was possib.e on the smooth fields with uniforn straight stalks which could be 
Cut close to the head. Downing said an automatic header-control is very 
desirable because the operator manually cannot keep the combine level on 
uneven hilly fielde, ^0? 

In Kenya all wheat is harvested with combines. Wheat is priaarily grown 
by non-African farmers and by the government on the Masai Wheat Scheme. Be- 
cause of the wide difference in elevations (1800 to 2800 meters) and the 
extended rainy season, the land can be prepared and planted over several 
months. This permits contractors to start combining ín the lov elevations about 


October and continue until February at the high elevation. (Figure 3.81.) 





205 owning, op. cut. 
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Figure 3.81 German combine Claas conbining Masai Wheat. northeast of 





Narok in Kenya This first crop of wheat on virgin land 
averaged froa 2440 to 3770 kge./hectare. Even so, the 
coabine vas underloaded and passing cuite a lot of grain 
over the sieves. A lower cut or » wider cutter head 

would have helped to use the ruchine to capacity to improve 
ite operation.  (AFR-553) 


Some Africans are buying combincs and out of eight sold by J.I. Case 
Company in Kenya, two were purchased by Africans. Other companies (primarily 
John Deere, Massey-Ferguson and Claas [Cerman]) say that 10 to 20 percent of 
their combine sales are to Africans. The average custom-operator with a single 
unit 18 combining 600 to 800 hectares ín a season vhile a fev operators are 
combining up to 1,600 hectares per season. With trained operators there have 
been feu mechanícal problems. 

In Ghana most of the coabines are Russian or Czechoslovakian. While 
the tractor-hire service has several Czechoslovakian 780 Special machines, 
only a few are operational. Tractore are used primarily for upland and flood- 
irrigated lowland rice production. The Russian machines are track-type units 
of cumbersome design used mainly at the Afife State Farm ín southeast Ghana. 
(Figure 3.82.) 

The Czechoslovakian units are concentrated in the northern and upper 
regions and operated by the Mechanization and Transport Division of the Mini- 
stry of Agriculture. One district pool at Bavku with two combines (one 
serviceable) reported that 53 hectares vere harvested in the 1967-68 season. 
The farmers did not like these combines because too much graín was cracked. 


The heavy vheel-mounted units could not be used until the fields dried off 
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Figure 3.82 A Russian CKR-J ricc combine on crawler tracks 





Figure 3.83 
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The valley 
in vhich the fam is located near Afife, Ghana fa flat and 


the present 800 hectares of the fam could be expanded to 
1,600 hectares. Private farmers are now gradually taking 
over responsibility for rice production.  (AFR-172) 
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Belt-driven aheller (United States rocessing naize in 
northern Ghana Very little custom or farm processing ie 
done in Equatorial Africa. A few atate farms, research 
inetitutes, universities, mechanization schools and experi- 
mental stations do their own processing plus some ^ccasional 
work for others. This equipment vas seen at the Navrongo 
Fara Mechanization Training School near Bolgatonga. Most 


installations involve coneiderable manual operation. 
(APR-507) 
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and by this time shattering losses were high. 


d) Maize Pickers and Shellers Most small African fnrmers pick and 
husk maize ears by hand. Large Zerog, agricultural schools or cooperative 
farms with engine-powcred shellers may do some custon work. Occasionally a 
tractor-hire service unit, a mechanization school, or settlement fam may do 
contract hire work. (Figure 3.83.) The large commercial farms in Eaet 
Africa have gone straight from hand-picking to coabine-sheller operation, 
skipping the intermediate stage using the mechanical ear-picker common in 
the U.S. Advanced technology is being applied directly by large European 
farmers or plantations. 

6) Output, Power, Capacity and Labor Required for Large Tractors and 

Equipment 

Capacities vary greatly for tillage operations depending upon the imple- 
ment design, power-unit, soil-type and conditions, moisture content, length 
of Callow period, previous crop, skii. of operation and proper adjustment. 
For a general idea of output and times see Table III. 21. A few cases are 


presented here for African conditions. 


a) One-way wide-level Disk Harrows These units are used exclusively 
in Ethiopia in the Setit-Humcra area on dry vertísol soil with scanty vegeta- 


tion. Power is furnished by the Massey-Ferguson 165 in second gear at 9.0 
to 9.7 kph. The output of a one-way, wide-level, 24 disk harrow cutting about 
3.5 meters was 2.5 hectares per hour or 20 hectares per 8-hour day. In three 
months one tractor and harrow can cover 600 hectares of cleared land twice 
or about 1,200 hectares once: Ideally, a farmer should be able to do 1,600 
hectares in 80 working days but practical limitations, break-downs and operator 
deficiencies reduce this to 70 to 75 percent capacity. With other tractors, 
such as the Italian Same, with a disking speed of only 6.0 to 8.0 kph, the 
coverage was substantially less, or 1.5 to 2 hectares per hour or 12 to 16 
hectares per day. 

The Tendaho Plantations Share Company in Ethiopia reported covering 
JO to 35 hectares ín a 10-hour day with the Massey-Ferguson wide level, 
one-way, 24-disk harrow. Remarkable improvement was shown in three yeare, 
from 10 hectares up to 30 to 35 hectares per day due to better managenent, 
improved land preparation and increased operator skills. For a complete 
list of field operations and machine capacities on a well-managed plantation 


sce Table IV. 8. 


b) Mounted Disk Plows On Tendaho Plantations, with a four-furrow 
disk plow four to five hectares per 10-hour day with the Massey-Ferguson 165 


tractor have been averaged. In contrast, with a five-furrow moldboard 
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semi-mounted plow pulled by a Massey-Ferguson 175 tractor six to eight hectares 


per 10-hour day have been averaged. 


c) Bornu Complete Tillage Machine Shambaugh reports that the 
average capacity for all operations is 1.2 hectares per hour or 9.7 hectares 
per 8-hour day S 

For primary tillage or ripping, the capacity varies considerably depen- 
ding upon the working depth and power requirements but should range between 
1.0 co 1.6 hectares per hour. For planting, the capacity is about 1.2 hec- 
tarcs per hour. As a field cultivator, the capacity is a little higher or 1.6 
hectares per hour. For weeding in the row, the capacity is approximately 1.4 


hectares per hour. 


d) Combining Little information was available on actual hourly or 
daily capacities for harvesting operations. Grinaldi in northwest Ethiopia 
reported that with a Massey-Ferguson 410, 3.6 meter cut and traveling at 
13 kph. they were able to harvest 15 hectares in an eight-hour day. Fields 
were very long (two kilometers), and crop and soil conditions were ideal; 


ane 


Crinaldi vas maintaining and operating the sachines. "7" 
7) Skill and Management Requircd with Large Tractors and Equipaent 


a) Weed Control under Sparse Rainfall Conditions In northern 





Ethiopia the eystem of killing weeds begins by leaving the ground fallcw for 
one season. Aites the first 20 mm. of rain, the land is disked 7 to 8- 

ca. deep and the weeds allowed to germinate for 7 to 10 days. Then the fiel? 
is disked again. After three to five diskings, the weeds in the worst fields 


are largely controlled before seeding. 


b) Weed Control on Flood-irrigated Land Basic land preparation 
techniques on Tendaho Plantations work very well for pre-planting weed control. 


Rapid disk plowing breaks up roots about 15 to 18 cm. deep. Field work atan- 
darde are high with good plowing, «ven rows and level ficlde. After much 
experimentation, Tendaho has evolved the following program for weed control 


using flood irrigation: 


i. Use a slash or rotary chopper to pulverize cotton stalks. 

2. Plow straight under if not too dense, otherwise rake and burn exceas 
crop residue. 

3. Leave the land open vithout a cover crop to dry out the soil. 


4. Disk when weed growth appears in April after the first rains. 





2065 anbavgh, Bornu Complete Tillage Machine, pp. 2-8. 


2015. Grinaldi, Farmer, Tessini, northvest Ethiopia, Personal Comunica- 
tion, March, 1968. 
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5. Perform no further cultivation until the rains cone, but land level- 
ing may be done if needed. 
6. Apply the first irrigation about June 10. 
7. Plant immediately after irrigation six to 6.5 cm. deep with seed at 
30-40 kg./ha. 
8. Cultivate after the first weeds appear at 11 to 13 kg. per hour. 
9. Irrigate a second time 40 days after the initial irrigation. 
Z. Inter-row cultivate with tractors, 15 to 20 days later. 
11. lrrigate the third tice 23 days after first irrigation (some arcas 
receive a fourth and fifth irrigation). 
12. Make another inter-row cultivation if needed, or desirable. 


(Table 11. 42.) 


c) Weed Control by inexperienced Farmers The newly mechanized 


farmer often only plows or disks once before planting. Many have severe 
weed problems duc to fai'ure to adequately control weeds pret to planting. 
Disking is not needed to loosen the vertisols because they crack and tend 
to be self-mulching, but it is needed to kill weeds and to prepare a conti- 
nuous even base for seceding. 

The more cxperfenced farmers disk twice, once after the first 30 to 40 mm, 
of rain have sprouted the first seeds and a second tine after 7 to 10 days 
to fill in the cracks and to kill the second growch of small weeds. After 
anothcr 7 to 10 days, they plant and disk immediately to cover the seed so 
that it is not vaten by the numerous weaver birds. The second dishing must 
be completed before planting begins as the harrows are used for covering im- 


mediately behind the nand sowers. 


d) Sowing with Box Seeders on One-way Wide-angle Disk Harrows The 


Grinaldi Partners, south of Tessini in northwest Ethiopia, are using regular 
Massey-Ferguson secders on one-way disks which other Setit-Huzera farmers 
claim can not Lc ised” However, to sow sesame, they mix seed with cow 
manure to add bulk, get the right seed rate, and act as starter fertilizer. 
No fertilizer is used on dura or cotton and seeds are allowed to drop ahead 
of tne disks; drag chains arc not used for covering. 

Plant population appeared low where fluted-wheel seed drills were 


used. 


c) Using the Bornu Complete Tillage Machine Since this machine 
will not handle long pieces of trash, the following procedure is suggested 


t 
by Shanbaugh. ^U" JÉ the stalks are not to be used, remove the guinea corn 


208 
209 


Crinaldi, op. c«t. 
Shanbaugh, Bornu Complete Tillage Machine, p. 2. 
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and millet heads and leave the stalks standing. If a rotary mower fe available 
shred the trash into small pieces. Otherwise, convert the tillage machine 

into a aulky rake by putting all the flat curved steel standards on the reat 
tool^ar and rake the trash into wind rovs for removal or burníng, then procecd 


with normal tillage operations. 


f) Using Machine Capacity to Insure Early Planting Zack Tyson, 


agricultural engineer with the USAID Mission in Sudan for cigut years, con- 
ducted til'age and sowing experiments with wheat. 71° He reported the best 
preparation and planting yields were attained with a wide-level and offset 

disk used with a planter rather than with a drill or disk-harrow sceder on 

a wide-level disk. Increased plant popu'ation gave higher yields, and averaged 
over 2000 kg. per hectare for wheat, using 71 cm. row Spacing. However, the 
most important factor was the planting date, and the highest yfelds were 


always associoted with carly and timely planting. The ground was disked once 


before planting for weed control. 


TABLE III. 24 EFFECT OF PLANTING DATE ON WHEAT YIELDS: SUDAN 1963-66 





Planting Date 


Before July 15 


Between July 20 and August 10 


Between August 15 and August 25 


Source: Zack Tyson, op. cit. 
8) Costs of Agricultural Operations of Wheel Tractors 


a) CADU Machinery Pool Services”)! After two years of operation, 





CADU believes the services of Kulunsa Farm to farmers in the surrcundíng 
arca (mainly threshing and plowing) should continue on an expanding scalc. 
The extension agents act as agents for the machinery services from Kulunsa. 
The capacity of the machinery pool during 1968/69 is estimated at 3,760 
tractor hours and 125 combine hours. Some changes have been made in service 
charges because in principle, the services slould be given at a cost price. 


No budget is allocated for losses and no profit is anticipated. To encourage 





210, ick Tyson, Currently USAID Agricultural Engincer in Lagos, Nigeria: 


formerly with USAID Mission in Khartoum, Sucsn, Personal Communication, April, 
1967. 


2cntlalo Agricultural Development Unit, Plan of Work and Budget, 


1268/69, (mimcographed) (Addis Ababa: Swedish International Deve lopment 
Agency, 1969), p. 156. 
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the customers to fully utilize the capacity of the machines by organizing 

the work, the charge is set per hour instead of per quintal or hectare. This 
means that more farmers can be helped each season and wasted time fs consi- 
derably less. ^14 Hire charges are based on the folloving principles and 


conditions: 


l. Conbining: The previous charge was $1.00 per quintal plus motor fuel 
an” allowance for the operator. The charge under CADU management is $12.00 
per hour, including costs for fuel and operator. Under normal conditions, ft 
is possible to thresh 10 te 12, and even 15 quintals per hour, which means 


that the new charge is lower than the previous onc. 


2. Threshing with Station ry Thresher: The previous charge vas $0.40 
per quíntal, plus tractor fuel and allowance for the operator. The new charge 
is $6.00 per hour and when 12 quintals or more are threshed per hour, it will 
cost the customer less. Up to 22 quintals per hour have been obtained but 
with the stationary thresher, the output 1s entirely dependent upon the work 


organization. (Figure 3.84.) 





Figure 3.84 Stationary thresher used for custom threshing in Ethiopia 


A Hungarían made thresher currently uscd by the Chilalo 
Agricultural Development Unit on the Kulursa Seed Farm. 
This fam, used for seed multiplication, also operates a 
limited threshing service for area faracrs. ‘he demand is 
increasing yearly and some conbine harvesting for larger 
farmers is done. The traditional threshing acthod used by 
most farmers in this region is animal-tranpling.  (AFR-49) 





“12chilalo Agricultural Development Uric, Plan of Work and Budget 
1968/69, p. 55. 
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3. Plowing and Harrowing: The previous charge was $7.20 per hectare, 
plus fuel and allowance for the tractor operator, which gives an actual cost 
of about $10.00 per hectare. The new charge is $4.80 per hour including 
all costs and under normal conditions, three to four hectares per day can be 


plowed, ^aking the new charge about the sane as the old. 


4. Other Services: Additional services, such as transportation are 
calculated and quoted to the customer ín advance. The basic charge for a trac- 


tor and wagon, including fuel and operator, 1s $3.20 per hour. 


b) Ghana Tractor-híre Service The Mechanization and Transport 
Division of the Ministry of Agriculture operates a Tractor-hire Service for 
farmers, settlements, state farms and other groups. Its standard farm-size 
power unit is the Zetor Super 50 hp. four-wheel utility tractor, made in 
Czechoslovakia and delivered to Accra for $2,790.00. Costs of tractor opera- 
tion (Table I. 7) have been based on an cstimated life of five years or 
8,000 hours (6,000 would be very good). While all of the tractors are equipped 
with hour meters few function so that actual hours of operation are difficult 
to judge. Nevertheless, the highest recorded hours of any tractor observed 
(after four to five years of use) was less than 2,000 hours. Considering 
the kind of use, the frequency of breakdown, the difficulties in securing 
repairs, it is doubtful that any tractor has done 4,000 hours of productive 
work. If this 1» true, the deprectation rate should be double that shown in 
Column 4 Table I. 7. Note that no interest on investment, taxes, housing and 


insurance has been considered. (Figure 3.85.) 








Figure 3.85 Tractor-hire Scheme, Ghana Tractors facilitate tne appli- 
cation of high concentrations of power to agricultural pro- 
duction. Leas than one percent of farmers in Fquatorial 
Africa arc ready to operate tractors. Government Tractor- 
hire Schemes, as shown here in central northern Ghana, are 
one-half a step toward full tractorization. Private owner- 
ship of tractors and private tractor custom services should 
also be encouraged where there are operators who can manage 
such services economically.  (AFR-527) 
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In Table III. 25 the cost of various crop production operations represent 
the use of a tractor on a large Chana farm or plantation with adequate size 
fields, properly cleared, minimum road movement, ond regular supervised main- 
tenance facilities and predíctable utilization. 

The costs of operation will be substantially higher for a hire service 
catering to scattered farmers under typical African rural conditions with small, 
irregular shaped fieles, hidden obstalces, scattered locations, difficult 
access, ecasonal or poor road conditions. To the regular charge must be 
added a movement or service charge to conpensate for reduced efficiency and 
increased outfield expense. The sixth coluan of Table III. 25 includes a 
50 percent surcharge to offset the unsatisfactory conditions under which the 
tractor-hire services must operate, íncluding movement of fuel and supplies 
to villages. The last column shows the amount of subsidy the government must 
absorb 1f ít charges farmers according to those fíxed by the United Chana 
Farmers Cooperative Council (UGFCC). 

For more economical operation, tractor-híre services should not work 
ficlds smaller than two hectares and the land should be in rectangular blocks. 
New opportunities should also be sought to productively employ tractors and 
operators after the seasonal agricultural work is completed. For example, 
tractors could be used for contract hauling, buflding and repairing roads, 
operating grain grinders and feed mills, powering irrigation pups, mowing 
grass, cutting brush, light carth work, ridging and similar jobs which do not 
require expensive attachaents but which greatly expand the scope of utiliza- 
tion. 


c) Niperian Tractor Costs of Operation It was agreed that wheel 


tractor costs would include ;^?? 


l. Fuel consumption; 

2. Fixed ownership costs, including straight-line depreciation to nil 
scrap value; 

J. Life estimated at 5000 hours in five years; 

4. License and insurance costs; 

5. Interest on capital and housing is nof to be included; 

6. Cost of tractor should be cost to a farmer, not a díscounted 
government price; 

7. Repairs averoged at 50 percent over five years, or 10 percent of first 
cost per year; 

8. Wages would be charged at actual rates of $1.75 per day with no 


allowance for idle timc. 


213. econd Meeting of Agricultura] Enginecrs, Institute for Agricultural 
Research, Ahmadu Bello University and “1inistry of Agriculture, Kaduna, 
Northern Nigeria, Novenber, 1964. 
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BEL-Z 


TABLE LIT. 25 COSTS PER HECTARE OF MACHINERY OPERATIONS FOR LARGE FARMS AND AS A SERVICE TO SMALL FARMERS: GHANA 1968? 
50 percent 





sutcharge Government 
Tractor Operation | Average Rate | Total for exten- Fixed Subsidy 
Op cost ⸗ ost Cost Sion work Charg ercent 
$/hr. S/hr. S/hr. hr./ha. S/ha. S/ha. S/ha. 
















Plowing, disk 1.71 0.30 2.01 5.6 11.26 16.88 9.88 42 
Plowing, aoldboard 1.71 n.a. = va = = e z 
Harrowing or Disking 

(offset) 1.71 .30 2.01 J.1 6.23 9.35 5.40 42 
Ridging, initial 1.71 .15 1.86 3.7 6.88 10.32 9.88 5 
Reshaping ridges 1.71 .15 1.86 2.5 4.65 6.98 5.40 23 
Planting with fertilizer 

(four-row) 1.71 .90 2.61 3.7 9.66 14.49 12.33 15 
Drílling grain (10-rov) 1.71 .90 2.61 3.7 9.66 14.49 ine X 15 
Slashing, rotary 1.71 . 30 2.01 3.7 7.44 11.16 9.88 12 
Hoeing, steerage 1.71 . 30 2.01 2.5 5.03 7.55 5.40 29 
Cultivatíon, inter-row 1.71 .15 1.86 2.3 4.65 6.98 9.40 23 
Shelling maize 1.71 .85 2.50 - - - - - 





“See Table I. 7 Column 4 for basic tractor cost per hour. Data adapted from H. Kimar, Cost CH Tractes Cperctioen, Ref. No. 
Des/TLU/SF4/V2/19 (Accra: Mechanization and Transport Division, Ministry of Agriculture, August, 1968), p. 2. 


Extension work is the tractor-hire service performed for small farmers arranged through the Agricultural Extension Service 
at rates set by the United Chana Farmers Cooperative Council. 


c a = . 
Total cost Charge to farmer) | Percent subsidy 


Total cost 


It was agreed to take 50 percent of life of implements shoun in Aner- 
ican and British standards. Repairs were set at 100 percent of first costs 


over the sane life. 
9) Costs of Agricultural Operations of Crawler Tractors 


a) Ghana Land-clearing Costs Land clearing is onc of the princi- 
pal jobs for which crawler tractors are especially suited. The Chana Min- 
istry of Agriculture has three models and sizes of Yugoslavian tractors. The 
Bratslvo BNT-60, 60 hp. crawler, is used primarily for heavy plowing, root 
raking, light dozing and brush clearing. The Oxtobar TG-9U, 90 hp. model, 
was selected for medium to heavy clearing and common earth moving and 
excavating. The model TC-160, 160 lip. unit, used only for very heavy clear- 
ing or large-scale projects. (Figure 3.86.) 





Figure 3.86 Crawler tractor (Yuyoslavian) used in Chana for land clearín 
The tractor shown, a TG-90 (90 hp.) is one of three track- 
type tractors purchased from eastern Europe, Now operated 
by the Mechanization and Transport Division of the Ministry 
of Agriculture, crawlers are assigned the task of developing 
agricultural land of high potential. The other most comaon 
crawler is the UNT-60 (60 hy.) illustrated in Figure 2.26 
which is used for light dozing, root raking and heavy disk- 
ing and plowing. Only a few TG-160 or 160 hp. Uktobar 
tractors are used for heavy clearing.  (AFR-542) 


Kuaar calculates the hourly cost of operation of a 90 hp. crawler at 
about $9.00, as shown in Table III. 26. Depreciation is based on a 10,000 
hour service life which is unlikely to be reached. Based on the performance 
of these tractors go far in Ghana, a useful life of 5,000 or perhaps 7,500 
hours under excellent management would be above average. If this were the 
case, the total cost per hour would be increased by adding another 50 to 100 
percent of the depreciation cost equal to $1.27 to $2.54 per hour for a total 
cost of $10.30 to $11.57 per hour of operation. The delivered cost of the 


TG-90 tractor to Ghana was approximately $25,450. 


2-339 


TABLE IIl. 26 HOURLY COST OF OPERATION OF YUGOSLAVIAN TG-90 CRAWLER TRACTOR: 
GHANA 1968? 








S/hr. 
Depreciation Price, $25,450; life 10,000 hours 2. 56 


Repairs and spare 
parts 100 percent of depreciation 2.54 


Operator and helper $2.42 for a seven-hour day 
Fuel (diesel) 1? liters/hour @ $0. 38/gal. 


0il filters, oil 25 percent of fucl cost 
Grease 


Subtotal Cost 


Overhead: administrative, supervision, and logistics 
8 15 percent 


Total net operating cost per hour 


S Kumar, Cp. Cit., p. 3. 


Clearing costs with heavy machinery are expensive as indicated in 
Table III. 27. With time limitations, or when large areas must be preparcd 
for comercial projects, stumps and large trees can be removed more quickly 
and more easily with large tractors. Land clearing 1s essentially a long- 
tem capital investment. To encourage proper clearing, Kumar belícves that 
charges should be payable over a period of five years. Also charges for units 
should be based on a time charge rather than an area charge, which is very 
difficult to judge under widely differing conditions. Generally, governments 
provide substantial help to land owners in meeting land-clearing costs. 


TABLE III. 27 LAND-CLEARING COSTS PER HECTARE WITH TG-90 CRAWLER: 
SOUTHERN GHANA 1968? 


Avg. hrs. Add 502 
Type of to clear | Cost per service [Present Chana 
Vegetation one ha. tractor | Cost [charge | MOA charge 


S/ha. S/ha. 
Bush 109.42 63.25 





Savannah woodland : 153.23 97.30 
Coastal thicket 328.55 194.80 
Secondary forest A A 394. 36 271.00 


Virgin forest 613. 39 424.00 





“kKuaar, Op. Cit., p. 4. 


b 
Total cost) - (Charge to farmer © Percent subsidy 


Total cost 
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b) Nigerian Cravler Irack-type Tractors The folloving figures 


were accepted based on the Jeri Bowl rice operation: 


1. Deprectation over 10,000 
2. No insurance or road license 
3. Repatre at 60 percent over 10,000 hours use 


4. Implements, trailer plows and harrous should be charged at $0.42/hour, 


c) Comparison of Hand- and Machine-clearing Costs When time 


permits, the farmer may be able to do his oun clearing cheapcr than it can 
be done by machine. However, it usually does not include complete removal 
of stumps and roots so that animal- or engine-povered equipment can be used 
efficiently and safely. In the humid tropics partially cleared land grows 
back go that ft must be recleared periodically. The land ts suitable only 
for hand-farming 1f the clea-ing is not complete. In Table III. 28 a cot- 
parison is made over a ten-year period Showing the initial and accunulative 
cost of clearing by the two methods and preparing the land for planting each 
year. 

The costs of clearing savannah woodland by crawler-tractor operation 
(method A) and hand (method B) have been compared. The tractor method 
illustrated appearo cheaper to the farmer, the removal of stumps and roots 
would require considerably more hand labor than has been shown. The govern- 
ment tractor rates also are subsidized, so the actual cost including sub- 
eidies is considerably higher to society as a whole (Ge, to the government) 
than the costs of hand Clearing. Governments usually consider land clearing 
as part of their responsibility, this subsidy is not unreasonable; the example 
shows that the total costs of the tractor operation are considerably higher 


(almost twice) the amount the farmer actually pays for this work to be done. 
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TABLE III. 28 COMPARISON OF TWO METHODS OF CLEARING AND PREPARING FOUR HECTARES LIGHT SECONDARY GROWTH FOR PLANTING: 
NEAR SAPAIMAN, SOUTHERN GHANA 1968? 


Method a”. Clearing and Tilling with TG-90 Crawler Tractor Method BC: Ciearing and Tilling with 


Manual Labor 








Costs for 4 hectares 

Subsidy Subsidy Costs for 4 hectares 
Dperation excluded peration 

dollars dollars dollars 
Clear, stump, root & remove low growth forest Four men at $1.00/day each. 
3 to 5 meters high in one-time operation with Clear by cutting off brush 
TG-90 crawler & dozer at gov't hire-rate and small trees with cutlass 
($63. 25/ha.) 253.00 ($164.13/ha.) 656.52 and axe, leave stumps 6 roots. 
Assume 16 kn. transport charge at $0.74/kn. 11.84 11.84 To clear, weed & hoe 4 hec- 
Plow 6 liarrow with BNT-60 crawler 6 2-way 41 tares takes 40 days for four 
cm. moldboard plow 5 tandem 3 meter disk men. Four men can clear one 
harrow at gov't hire-rate (515.28/ha.) 61.12 ($26.23/ha.) 104.82 hectare in ten days: 4 men x 
Assu=c 16 ka. transport charge at $0. 74/km. 11. 84 11. 84 10 days = 40 man-days x $1.00/ 


Plow and harrow only for 9 years at gov't day = $40.00 

hire-rate ($15.28/ha.) 550.08 ($26.23/ha.) Clear regrowth and prepare 

Crawler transport cost ($11.83/yr.) 106.47 land each year for 9 years 
($40.00/ha.) 

Total cost for clearing and tillage: 994.35 


^ Average farm size 5.3 hectares and lease 10 years. Data by A. Klevor, farmer, and A.D. Sokah, Mechanical Superintendent, 
Mechanization and Transport Division, Ministry of Agriculture, Ghana, Greater Accra Region, Amasaman, Ghana. 


gi takes about 12 days to clear 4 hectares witn the TG-90 crawler and about five days to plow and harrov for a total of 
17 days to get ready to plant. Weed control 1s more effective with inversion ploving and subsequent weeding should be 
faster and easier. In addition, earlier and more timely planting favors better plant growth and subsequent yields. Soils 
must be suited for mechanization, however, as some light forest soils are severely dazaged or destroyed by continuous use 
of machinery and intensive cropping. The farmer also is dependent upon the tractor hire service coming when requested, 
and it may not come on tine. 


“Stumps and roots would prevent effective tillage to control weed growth. The 40-day delay in clearing also may be detri- 
mental to yields if planting is delayed beyond optizum tice. Farmers can, however, begin clearing and hoeing at any time 
their farm work schedule permits. 
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CHAPTER IV 
ANALYSES OF PRESENT FARMING SYSTEMS 
Introduction 


The accelerated development of agriculture in Equatorial Africa cannot 
ignore the needs and the problemn of the saall farmer. The economic and tech- 
nical development process must be adapted to the unique features of cach tro- 
pical rural culture, and to geographical, agrarian and social environment. 
Farmers need more power, better tools, and the benefits of technology along 
with the support of state and national infrastructure. The development of a 
market economy is imperative to permit specialization and to provide the stin- 
ulus and the reward for the profitable dísposal of increased production. 

The hand-hoe farmer cultivates a maximum of 4 to 5 hectares. tHe has the 
greatest need but the least favorable possibilities for more adequate power. 
Hoe culture, therefore, must maximize other inputs which offer the best po- 
tential for increased production with the least demand for power. The first 
requirement is to select only the best soi) for cultivation. Then, most ef- 
fective use should be made of improved seeds and plants, fertilization, seed 
innoculation, plant protection, intensive weeding and thinning to create the 
best environment for plant growth. Good management with timely operations in 
all tiese areas is an absolute preACqucscle fOr success. 

The final subdivision of this chapter discusses an economic analysis of 
the farming systems and the associated social factors; the firse three sub- 


divisions are concemed with the engineering and technical aspects. 


Hand-powered Agricultural Systens 


Shifting Cultivation and Hand Farming 


Ihe effect of shifting cultivation on soils is discussed in Chapter I 
under bush fallow and soil management. Its effect on cultivation practices 
and crop systems is described by an FAO team survey of eubsistaute farming in 
West Africa." 

When no manures cr fertilizers are used, shifting cultivation (sa valid 
eystem. Recently cleared land is also free of weeds. The principal defect 
is low yield per unit of labor. All tillage is done by hand, with hand trans- 
port of products from field to village because: 

1. Fallows ate bush and not grass fallowa; stumps are not reaoved be- 


cause ít ís too costly for land to be later abandoned. 


— ———r — — — — — — 


1, Papadakis, Caop Ecological Survey in west Africa: Liberia, Ivory 
Coast, Ghana, Togo, Dahomey, Nigeria (Rome: Food and Agricultural Organ- 
ization of the United Nations, 1966) Vol. I, pp. 1-5. 
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2. The plow cannot be used because of roots, nor can oxen or horses 
(provide power) due to the disease trypanosomiasis. 

3. Maintenance of animale fe difficult during the dry season. Far- 
mers in northern Nigeria give their anirale to the Fulani to graze on (adam 
lands. 

A, Vegetation grows faster in the crop season. 

S. There are many human diseases limiting human energy. 

The majority of crops are grown on ridges or heaps, particularly in the 
Savannah. There is a very high seasonal surplus of rainfall in four months 
and flat land becomes water-logged. 

Several crops are grown on the sace land with concurrent and sequential 
planting. A mixed crops system hae certain advantages: 

1. Soil is entirely occupied, thereby reducing weeds and cultivation. 

2. Land is prepared once and produces two crops. 

3. There is security against complete failure if one crop fails. 

4. The system fa very competitive; it increases area and yields when 
pricee are good and continues to produce when prices fall. 

The climate is the primary determinant influencing the traditional far- 
mer's decision on what to grow, how to till and when to harvest his crops. 

l. Weather may be exceptionally favorable to weed growth. 

2. Weather may reduce the tise period in which planting or harvesting 
should be finished. 

3. The weather causes uneven distribution of farm work. 

4. The weather favors diseases, insects, and illness. 

5. The land is very wet during the rainy season; machinery is difficult 


to use on land subject to tropical downpours. 


Labor Inputs 


Nigeria 


In an econonic study of Nigerian villages, Gibbs determined: 

1. The average grose product per man-hour was $0.094 for upland and $0.10 
for lowland, (This value suggeste that the wage rates used in previous tables, 
based on actual wages paid for hired labor, may be somewhat higher than the 
value of the average product for all labor in the area.) Income per farm was 
almost the same, ranging from $115.20 to $116.20 to gi.e equal cash returns 
for different system. 

2. Labor input per hectare tends to increase as the number of cro,s in 


mixtures increases. Crop mixtures giving the highest gross output per he tare 


“G1bbe, An Economic Study of Three Villages in Bauchi Province. 
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also yield the highest grose return per man-hour. 


Ghana 


Some labor requirements for various cropping operations are given for 
weeding and ridging:” 

1. Making ridges 90 cm. apart with the West African hoe: 35 man-days per 
hectare. 

2. Making holes for permanent crops (60 x 60 x 60 cm.) and filling with 
topsoil: seven to eight holes per man-day, or 54 man-days per hectare. 

3. Weeding annual crops, light weed growth: 9 to ll can-days per hectare. 

4. Weeding annual crops, heavy weed growth: 17 to 22 man-days per hectarc. 

5. Ring weeding, 540 cm. radius, permanent crops, 100 to 110 stands per 
hectare, light weeds: 4 1/2 to 6 1/2 man-days per hectare; heavy weed growth: 


11 to 17 man-days per hectare. 
Tanzania 


The farms range from 1.2 hectares up to 5 to 6 hectares per fam. In the 
Mwanza area, almost all planting and land preparation is done by hand. lt takes 
one man 52 days to till and plant one hectare of cash crops such as cotton. The 
smallest farm takes nine weeks to plant, working every day. The farmer also 
plants 1.2 hectares in food crops which takes another nine weeks, for a total 
of 18 weeke. This fe the maximum amount of land a farmer can handle with hand 


4 
power, 


Ethiopia 


Typical work rates and costs for harvesting and threshing are given for 
several crops: 

1) Sesame Harvest and Threshing 

In Setit-liumera the cost of harvesting varies fron $2.00 to $8.00 per 
hectare. Since it must be removed fron the field betore it shattera, the far- 
mera have been forced to pay more to get it cut and stacked in time. At a 
yield rate of 1,000 kg. per hectare the cost for cutting and bundling 1s $0.20 
to $0.80 per 100 kg. 

2) Sorghum Harvest and Threshing 

In Setit-Hucera the cost of cutting and piling was given as $0.30 per 
100 kg. and the cost of threshing with a small stationary tractor-povered 
thresher as $0.45 per 100 kg. for a total of $0.75 per 100 kg. Mr. Sideris, 





IN.. Ulsaker and P.O. Azponsah, Ghana Farm Managers’ Handbook, Bulletin 
A-38 (Accra: Minietry of Agriculture, Information and Publications Unit, 
1965), p. 28. 


“Gibbons, op. ct. 
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an exceptionally large farmer, gave the total cost of harvesting and marketing 
as $2.92 per quintal, delivered to Asmara. Similar data for an average farmer 
are tabulated in Chapter II (Table 11.45). 


TABLE IV,1 COST OF HARVESTING AND MARKETING SORCIUM: SETIT-HUMERA, ETHIOPIA 


MARCH :968* 
Operation or charge Cost Total 
$/q. $/q. 
Current selling price ot Asmara 4. LU 
Approximate harvest and marketing costs 
Harvesting, threshing, bagging and sewing 0.80 
Bag cost 0.60 
Hauling from farm to Om Hagcr across river 
($0.70 to $0.80 by hired truck) 0.20 
Unloading from trailer and loading truck 0.08 
Municipal tax 0.04 
Hauling from Humera to Asmara 1.20 2.92 
Total income less harvest and marketing costs-- 148 


balance out of which all pre-harvest production 
costs must be pald. 


"Markos Sideris, Large-scale Farmer in Humera, Ethiopia, Personal Cocmun- 
{cation, March, 1968. 


Land Inpute 


Nigerian Studies” 


L) Notman 


Norman's study of three villages near Zaria, Northern Nigeria, ascer- 
tained’: 

l. The larger the holding, the bigger the field size in hectares ranging 
from 0.024 to 1.87. 

2. The larger the holding the greater the fragmentations, from l to 20 
fields per holding. 

3. The tendency for upland fields to increase in size with increased 
distance from place of residence. 

4. In the case of pledge (the right to use land passed to another in 
return for a moncy loan) or of loan (land farmed by another individual on a 
year-to-year basie for a small rental paid at thc time of harvest), the tem- 
porary cultivator is not inclined to manure or improve the land, 


5. The average fertility of the land is unimportant in determining the 


SDetails of the case -tudy in Chapter II (tillage Axriculture, Northern 
Nigerii, P. 2-64) are basud on these studies by Gibbs and Norman. 


Norman, op. i£., p. 15-22. 
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size of holdings, as is land title. A family can have a large-sized holding 
without land ovnership. 

6. The average area faraed in all three villages vas 3.48 hectares vith 
the most ísolated village having the largest farms, averagíng 4.1 hectares. 

2) Gibbs 

Gibbs also studied land use and crop mixturcs in Nigeria and reported :' 

1. Lowland crope vere grown exclusively as single c:ops. Upland crops 
were grown most frequently as 2, 3, or 4- crop mixtures, with two crops grown 
most often. 

2. As the number of crops in mixtures increases, the yield of individual 
crops decrease. However, combined yields of millet and guinea corn in 2, 3 
and 4~ crop mixtures exceeded the yield of either of these crops grown singly. 

3. The average value of the gross pruduct per cultivated hectare wan 
$41.50 for upland and $78.84 for lowland. 


Cultivation Piactices 


Hand Tillage 


1) simitatione and Constraints 

Most constraints apply to mechanization at any level, but the folowing 
factc.@ apply particular} to hand tillage: 

l. Timing of small rafine or length of time from beginning of first rairs 
until crop must be gon is important. In sose areas this time is very short 
and creates an acute labor shortage. 

2. If the soil becomes very hard during the dry season, it cannot be 
plowed or worked until after rains soften it, making timing of planting for 
optimum yields very critical. 

3. If preparatior tire fe limited or soil condition is very difficult, 
large amounte of labor muet be available to quickly prepare land for planting. 
This labor peak determines how euch land a farmer can handle even though there 
may be surplus labor the rest of the year. 

4. Annual crops raised primarily by share croppers or tenants require 
more intensive cultivation and soil preparation than perennial crops favored 
by land owners. 

5. Because of strenuous effort and length of time required to spade 
ground with any hand tool, few farmcre can afford to use this method except on 
vegetable gardens. 

6. Land preparation by digging hoe ray not adequately control weeda and 
may require more weeding time later. Limited time may not permit thorough 


tillage. 





l Gibbs, op. cit., pp. 17-18. 
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7. Lack of economic security may reduce farmers' incentive to make in- 
vestmente to improve the physical condition and conformation of the land farmed 
to mske it easier to prepare, till and plant. 

8. High population pressure may force the hand farmer to travel a long 
distsice to find land to farm or to select leas easily worked or low-produc- 
tive land nearby. 

The farmere' own resources of time, labor, and seed (normally his only 
monetary fnnut) cannot control nature? the farmer can only work with nature. 

2) Need for Improved Hand-tillage Tools 

a) Primary Tillage Tools Where animal powor cannot be used because of 
disease (particularly carried by the tsetse fly) and where engine power is not 
available, the hand-povered farmer is severly limited by the amount of land he 
can prepare. In northern Ghana and Nigeria, the ground dries out very hard and 
until the rains start tillage cannot commence. 

Minimun-tillage is a plausible alternative for hand tillage. Good steel 
spades are the best tool for deep hand tillage 4( ít must be done. There is 
a need, however, for a good shovel and fork spade as vell as for digging tools. 
Animal or engine power ie the most practical way to increase farm power in 
present farming systens which require breaking and turning th. soil. The use 
of herbicides and soil conditioners may be the leaut demanding way to prepare 
the ground for planting but they are not economically feasible at the present 
tine. 

The present Nigerian gama ie a good steel blade tool where stoop labor 
is used to make ridges, but it is less suited for flat cultivation. The enall 
Ghanaian koakpla and the Nigerian (artanya are used as all-purpose metal blade 
tools but are definitely limited in thair capacity for primary tillage; the 
Ethiopian challa even more so. 


b) Secondary Tillage Tools In Nigeria there is a big demand for 
hand toole in the north but not in the western vegion. One firm makes machetes 
and it wante to branch out into other tools. The use of good hand tillage toole 
and cultivating ímplepents becomes more faportant with increasing veediness of 


land under longer cultivation. 


Hand Planting 


1) Líeítations and Constraints 


a) Broadcasting All methods of broadcasting are vasteful of seed. 
Farmere ust twice as much seed as recoamended for best viel de H With present 
methods cf hand sowing and covering, or covering by plowing, much seed is 
buried too Jeep, left on top, widely scattered or crowded together. 





Bengtsson, op. cit., p. 23. 
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b) Row Seeding By hand this is best done by planting in speced hille 
or marked rovs. Most hill planting on the flat is haphazard with randoo and 
variable spacing. Rows should be marked prior to planting víth a simple wood 
Or metal gauge. 

Mound and ridge farming facilitate rov planting, better spacing, more 
uniform stands and weeding, but they are tremendously demanding ín hand labor. 
The high labor requiresents sharply limit the amount of land that can be pre- 
pared and planted by hand within the time allowable to get crops planted .or 


maximum yields, 


c) Sved Selection Local seed is highly contaminated with weed seede 





and iapurities, and may be low in viability and germination. Seeds purchased 
in local Ethiopian markets contained as high as 12 percent weed seed in barley 
and one or two percent impurities. Seed selected by farmera contained con- 
sidorably fewer weed seeds, and most farcers apparently plant their oun seed 
and laboriously clean it before sowing to remove the worst adulteration. 
Bengtsson found: 
+ e « Seed bought at the market fe low in quality, holding almost 

double percentage of weed seede and inert material ... 

Therefore, a sinple Cleaning machine would further improve the 9 

seed, thus reducing the weed population and increasing the yield. 

d) Traditional Practices There are certain rules to follow in 
order to properly plant according to the traditional systen. Bengtsson says, 

+ ve the first crop to be planted in the year is often said 

to be broaccast on a Tuesday and sometimes a Thursday. South of 
Asella, Ethiopia where barley and flax are main crops, the far- 
mers firmly declare these should be planted on these particular 
days. 

2) Need for Improved Hand Seeding Tools 

a) Broadcasting For small grains and grasses more accurate vays 
of broadcasting are needed to reduce the amount of seed used and to get more 
uniform dietribution and higher plant stands. A crank operated 8pinner, like 
a cyclone seeder for hand farmers would be very useful. 

b) Covering Improved methods of covering broadcast seed are urgently 
needed to place seede at a uniform depth, to cover all geeds so they will not 
wash away or dry out after they germinate, and to reduce the time, effort and 
risk in covering by hend, brushing or trampling. A large rake or small harrow 
could be pulled by two men or an animal to vork seed in on small areas. When 
euitable animal power or small tractors become available, larger harrows can 


be assembled from the small harrovs. 
———— 


Ibid., pp. 59-60. 
10r bd. p. 22. 
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c) Cleaning Some method is needed to remove weed seeds, impurities 
and non-viable seeds, Until such time as improved, tested, cleaned and treated 
seed can be made available by seed multiplication stations, or until comercial 
seed is used, hand farcers need better means of processing locally produced, 


threshe: and selected seed for stocks. 


d) Row Markers For larger seeds and hill-planted crops, simple 
rov markers are needed to encourage row-planting, spacing, and better veeding 
techniques. A large rake-like marker vith single tceth for each rov can be 
made locally from wood. Beams could have several holes into which pegs could 


be driven for various spacings. 


e) Jeb or Dibble Planters While hand hoes and planting sticks are 





effective in the hands of good workers, simple mechanical devices are needed 
to permit planting a given nunber of seeds at the proper depth. Hand planting 
tubes in the efaplest form can be devised to make a standard-size, uniform- 
depth hole into which the seed can be dropped through a tube from an erect 
position and covered with the feet. This type of inproved planting hoe was 
developed by Van Beyma for southwest Ethiopia, and was vell received by hand 
farmers. 

More versatile dibble planters can be made to eject three or four seeds of 
maize, beans, or sorghum each time the dibbler is jabbed into the soíl, as the 
operator walks along. As proposed by Cooper, two single dibblers can be joined 
by a spacing bar of the desired row width. For narrov spacing, one man can 
operate both díbblers simultaneously; for wide spacing over 90 ca., two men 


could operate both dibblers in opleen, l^ 


f) Wheeled Seeder So far, no entirely satisfactory hand-operated 
push- or pull-type vheeled s der 1s available for the emall farter. Dev- 
elopment work should be continued to perfect an inex, ensive, dependable, ac- 
curate and versatíle, slow-epeed seeding unit which could be used for spaced 
drilling or hill planting. 


Hand Weeding and Pest Control 
1) Lisitations and Constraints 


The Nigerian hand farmer's bottleneck problem is weeding, therefore, he 
only plants what he can weed. Shanbaugh asserts that while short-handled hoes 
are used for veeding and thinning, "ve doubt that the individual farmer would 





ll teter Van Beyas, Agricultural Missionary, American Presbyterian Mission, 
Gila, Ethiopia. Personal Communication, January, 1969. 


cooper, "Mechanization on Small-scale Fares and Ox-dravn Equipment, 
Part II," p. 1. 


2-350 


be able to appreciably increase his acreage by [simply] changing hie hand 


tools"? 


a) Weeding Frequency aud Rainfall Bengtsson reported that all 
interviewed farmers in Ethiopia are more or tess aware of the heavy weed in- 
festation in their fields. Although they know about the importance of proper 
weeding and suggest frequent weeding as a rededy, they do not practice it, 

Rains not only give a flush to all vegetation but provide cacellent con- 
ditions for re-growth of recently eradicated weed plants. ^ Generally, no 


hand weeding takes place between plowings or before planting. 


b) Effect of Weeds on Yields In the present situation, weeds 

cause yield decreases due to the competition for light, nutrients, water and, 
furthermore, many weeds harbor and transmit diseases and give suitable con- 
ditions for pests. The present unsatisfactory soil preparation in combination 
with a surplus of water during the rainy season also stículates weed growth. 
Bengtsson eaphasizes that "weeds are one oí the main limiting factore in order 
to raise yields. . . . Although the fields have been plowed rather recently to 
prepare the seedbed , the plowing is by no means very efficient in eradica- 


ting weed plante."!? 


c) Effect of Cultivation Practices on Weeding Somzerauer says, 


"there is a great disparity between the efficiency of hoeing ioplenents and 
that of weeding methods. The use of iuproved hoeing implements and rou plant- 
ing should therefore be strongly encouraged." 

Haynes stat: * tied ridges that favor soil and water conservation also 
render weeding more difficult, producing ground conditions in which simple 


hoeing may not kill veeds unless the sun is unusually fierce.’ 


2) Need for Improved Weed and Pest Control Toole and Practices 


a) Limitation of Hand Tools Shambaugh believes the individual 





Nigerian hand farmer cannot appreciably increase his output by changing his 
toole. He suggeste the farmer can increase production by two methods: by 
becoming a mixed farmer and using anizal power with an Ariana or similar aní- 
mal-dravn tool carter that will do more than a single tillage operation; or 








l3 hanbaugh, Summary of the Development in Progressive Mechanization fon 
the Hand and Mixed Farmers in the Savannah of Northern Nigeria, p. 2. 


— engtsson, op. Cit., pp. 45-6. 
I51bid., p. 25. 
—— Don op. Cit., p. 14. 


WT Brieg Review of Mechanization Experiments in Northern Nigeria, 
p. 18. 
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by hiring some of his heavy tillage and cultivating done by a mechanized fara- 


1 
ing contractor. 


b) Seriousness of Weed Competition Bengtsson reports the competi- 
tion in Ethiopia between crop and weed plants is very conepicuous and field 
investigations confira farmer's complainte, He says, for broad beans and peas 
there are 27 and 43 crop plants compared with 898 and 688 weed plants, respec- 
tively, per unit area. On an average, over 220 weed plants are found per 


Square meter in fields prepared for planting.!? 


c) Innovations ín Weed Control In commenting on the farmer's in- 
terest in possible innovations with respect to weed control, Bengteson sug- 
gests how this can be achieved: 

Although chemicals are both available and efficient against 

Some weed species their handling and cost will restrict their 

distribution at present. Instead emphasis should be put on simple 

innovations one of which fe . . . row planting combined with regular 
weeding . . . [to] raise the yields. Furthermore, seed could be 

saved due to less seed rate, and the row planting will give way 

for the introduction of a simple long-handled hoe which will ease 

the weeding procedure. Preferably, this could be applied to crops 

euch as maize, sorghum and broad beans. 

With regard to nossible new approaches to weed control, one farmer 
stressed crop rotation to decrease the weed flora in cultivated fielde and two 
farmers left heavily weed infested land idle and then plowed it two or three 

21 
times. 

Although this way of thinking is revolutionary to the small farmer, many 
of them have declared their interest. The results of an investigation of far- 
mers toward new toole is recorded in Table IV.2. The majority of farmers are 
interested in trying row planting, and those around Kulunsa seen to be con- 
vinced of its advantages. As to the increased requirements of labor, there is 
no objection if it pays. ^^ 


TABLE IV.2 ATTITUDES OF FARMERS TO THE INTRODUCTION OF ROW PLANTING AND 
INTENSIVE WFZDINC? : KULUMSA, ETHIOPIA 


Would rov planting Acceptance .f the harder work 
be an improvement? following iuteneified weeding 
practice? 





Responses | Yes Interested Doubts No Yes, if Convinced No 
e ee = percent---"--- = | ------ percent ---- - 


Trval 11 52 26 11 32 6 
“Bengtoson, Op. cit., p. 50. 





18 chanbaugh, Summary of the Development in Progressive Mechanization don 
the Hand and Mixed Farmers in the Savannah of Northern Nigeria, p. 2. 
3 Bengteson, op. cit., p. 60. 
21 1844. , p. 50. 
2321 bdd., p. 46. 
Ibid 


* 
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d) Use of Long-handled Hoes Seager says, “with ioproved [long- 
handled] hoes, the cxpected hoeing capacity is one acre [0.4 hectares) a day. 
For hoeing in rovs, use a 9 inch [23 cm.) Dutch hoe and teach the cultivator 


to hoe only where tines cannot reach, and do not attempt to mold ridges "^? 


e) Sprayera for Small Farmers In May, 1967, NIAE conducted a fair- 


ly comprehensive test in Malawi on sprayers and found that they could stand 
only five hours of continuous use. As a result, the Minietry of Overseas 
Development founded a coumittee to develop a hand-operated knapsack 8ptayer 
able to stand up to roughly 300 hours of work without requiring servicing. 

A satisfactory knapsack sprayer is being developed for use with all crops, 
though mainly for cotton. Mr. Le Quinio said a knapsack sprayer with a boon 
made by Ulysae Fabre in France has accomplished hundreds of hours of work with- 


out any breakdowns. ^^ 


Hand Harvesting, Threshing and Processing 


1) Limitations and Constraints 


a) Restrictions on Use of Scythe When cereals are reaped with a 


scythe and cradle, they are cut low. Crops are cut with a sickle to facilitate 
threshing by animal treading, sled or roller threshere. Cutting with the 
scythe and cradle therefore presents certain difficulties in countries where 
these threshing methods prevail. 

Grain can be reaped with a scythe and cradle three tires faster than with 
a sickle but flat fields with uniformly standing crops are required. Hopfen 
says the cradle has been tried in many countries for reaping paddy rice but 
nowhere has this method been completely accepted because of the high proportion 
of lodged crops, the soft and tough rice straw and the tendency of the grain 
to shatter. However, in a good standing rice crno, reaping with a cradle ia 


25 
easy. 


b) Restrictions on the Use of Sickle Hopfen further points out that 
for moving grass in substantial quantities, the síckle is so slov and tiríng, 
that ít d' .ourages cutting forage and making hay in regions where it is the 


only available harvesting koi," In many semi-arid zones where only tne 





aa; Seager, Some Agricultural Ge Problem: Related to the Farm 
Settlement Scheme of Western Region Report to the Government of Nigeria 
(Rome: Food and Agricultural Organization of the United Natione, 1963). 


25 Mi nutes of a Meeting of Specialist Committee on Agricultural Machinery 
Held at Northern Research Center, Tengeru, Arusha, Tanzania, p. 12. 


——— op. Cift., p. 112. 


26 bid., p. 100. 
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sickle is used, straw becouea the basic fodder for domestic animale during 


seasonal forage scarcity.” 


c) Lack of Sisple Processing Tools In the threshing operation, hand 


winnowing in the wind often takes no more tire and presents more difficulties 
thea the actual threshing ^. 

Suitable processing machinery is needed for small-scale growers. On 
sisal the most laborious operation is the work of carrying the bundles down 
the rov. A group of consultants recently suggested that since cutting the 
leaf is a skilled job, efficiency could be improved by carrying the leaf out 


on stretchers. ^" 
2) Necd for Improved Tools and Practíces 


a) Hand Threshers and Winnowers There is a need for more efficient 
threshing machines for hand farmers. Simple winnowing machines could greatly 
speed up the grain separating process after threshing. While a fanning mill 
would be preferable, an efficient crank- or pedal-powered fan to produce an 


artificial wind would greatly facilitate grain cleaning and processing. 


b) Grain Cutting Tools Scythes with or without cradles can greatly 
increase cutting and mowing capacities of hand farrere growing wheat, barley, 


and other small grains. 


c) Shellero and Decorticatore Maize shellera and groundnut de- 
corticators ace only used to a limited extent. Demonstrations on how to use 


and adjust decorticatore and small drum threshers need to be conducted. 


d) Grain Storage Facilities Better storage facilities are urgently 
needed by nearly all farmere so they will not be forced to sell crops at har- 
vest time. With good storage, as farmers raise more crops they can store them 
until needed or sell when market prices are favorable. At present most small 
farmers store in open roone or in open woven baskets set on poles and covered 


with a thatched roof which are very subject to rodent and Insect attack. 


e) Pest Control Bengtsson cites farmers' interest in innovations 


with respect to pest control: 
A lot of complaints are expressed by the farmers about agri- 
cultural peste. Since quite a feu farmers already know about the 


possible application of chenicale, it vas often affirmed that this 
way of controlling pests ought to be tried. No farmers were in- 


2 ibid., p. 123. 
2 bid,, p. 126. 


“Minutes o a Meeting of Specialist Committee on Agricultural Machinery 
Held at Nurthern Research Center, Tengeru, Anusha, Tunzanéa, p. 13. 
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different to buying insecticides but 60 percent of the tarme.s 
wished to buy provided they could do so at a reasonable price. 


f) Processing Grain for Cooking African women work very hard 1n 
preparing food. A simple device for seaí-oechanizing the traditional method 
of pounding grain vas observed in Asia by Ma. It greatly increased the work 
Capacity and reduced the labor. Ma comments about the treadle mortar intro- 
duced (1963) in the Vietnamese villages: 

The mountaineere like it very much and almost every farm 

household has one unit of this mortar. The treadle mortar hrs 
a main beam 3 to 3.8 meters long, pivoted by a wooden axle onto 
the supporting frame, díviding the beam into two arms at the 
ratio of 1:2 approximately. The ohort arm is for the operator 
to tread. Onto the long arm is [attached] the pounding pestle 
and below it half sunk into the ground is the mortar. With 


this equipment paddy rice may be hulled ang polished into five 
kg. of white rice within 20 to 60 minutes. 


Animal-powered Agricultural Systems 


Importance of Draft Animals in Selected Equatorial African Countries 


Par from diminishing in importance, antul-drajt is Likely to remain a 
mijox Source of power for the emerging African farmer gon the remainder of 
this century. Power available to the small cultivator has not changed since 
Hopfen pointed out in 1960: “Nearly 85 percent of the total draft power uscd 
in agriculture throughout the world is still provided by animals, although 
the number ot agricultural tractors has doubled every ten years siuce 1930, 2? 

Cattle are the main source of draft power in South and East Asia, 
and in parts of Africa, south of the Sahara, including the Sudan and Ethiopia. 
Donkeys are the typical pack animals used from Ethiopia to China. Canela are 
used for transport in the deserts and arid zones from West to East Africa. 

Fev horses or zules are used for agricultural field work in Equatorial Africa. 

While animals can carry loads, pulling is best suited to them. Animal 
draft can be converted into rotary power to operate pumps and other revolving 
machines, but the power-train and gears necessary for the relatively emall 
amount of low-speed power produced are very costly. This type of power becomes 
unecononical when small engines are available and fuel for them is readily 
obtainable. 

Moving from human muscle, animals represent a major step in changing the 
power in the agricultural system. Sut wherever used, 4ncAcaaed power must be 
applied through improved implements in the hands of better farmers before it 
can bring about benefite iv agricultural productivity. As stated by Cochrane, 





305 engtsson, op. £., p. 54. 
us, op. Cit., pp. 43-44. 
32, opten, op. Cit., p. 8. 
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"an increase in the availability of power together with improved tools in 
handa of ekilled cultivatore determines to a large extent what can be done 
with basic agricultural resources," ? Whatever the scale or level of agri- 
culture, the small farmer is a tool user. Further improvement cones more from 
the introaiction of better tools than from increased skill in using old ones. 
Because labor in Equatorial Africa is generally plentiful, most productive 
operations on smaller farms can still be done economically with improved ani- 
mal-drawn and hand-operated faplements. The use of improved implements has a 
direct effect on the production of food and fiber. The CENTO traveling sem- 
inara ecphasíze: 

Effective implements promote and encourage adoption of new 

farm practices. It is here that the ízproved farm implements 

can play their best role. Better cultivation can be achieved 

either by use of power-driven machinery or by more effectively 

designed animal- or hand-opcrated tools vepending on the re- 

quirements and resources of the farcer. 

While engínc-povered machinery may be employed successfully in some areas 
of each country, wherever animal power fs appropriate improved types of animal- 
powered farm implements are needed to facilitate better farming practices such 
as the controlled placement of fertilizer, row-planting and rapid and effective 
weeding. Investments in implements and tools are few and limited by the far- 
mers' lack of knowledge, lack of local availability, higher costs of improved 


implements and the farmer's restricted financial and agricultural resources. 


Ethiopia 
In the Chilulo Agricultural Development Unit (CADU) project area, Leander 


made a case study of typical animal-powered farmers in two arcas,” Som data 
on one group of fares is presented to describe major tools and oxen and how 
they are used. Total labor requirements, eources and utilization are also 


given. 


1) Inventory of Tools 


Table IV.) lists the kinde and value of farm tools possessed by farmers. 
Whilo hay forks and ox yokes apparently are the only tools entirely made by 
these farmers, grain shovels also are commonly homemade. The avcrage fam 
investment in tools is very low or slightly over $8.00. Interectingly, the 


small sickle was valued almost as muchor equal to the plow. 


J3eochrane, op. t£., p. 31. 
M central Treaty Organization, op. i£., p. 16, 
35 wander, op. Cit., p. 157. 


2-356 


TABLE IV.3  PARMERS' INVENTORY OF FARM TOOLS: CASE FARMS, YELOHA, ETHIOPIA 
, FEBRUARY, 1967" 








Nunber Value No. Value 


“teander, Op. Cit., Table 2, p. 20. 


Locally made by farmer; value not estimated. 


2) Number and Utilization of Oxen 


All Yeloca farmers involved in Leander's study use their oxen in work on 
the faro; the jobs are ploving, threshing and transportation. Plowing is by 
fer the most time consuming while transporcation of the crop on a kind of aled 
to the threshing place constitutes only a minor share of the oxens' total work. 
Table IV.4 shows that farmers on the average use their oxen only about 30 
percent of the working days. Even during the peak work periods curing plowing 


farcers use oxen to only 70 percent capacity. The average number of oxen per 
farmer is 3 to 4. 


TABLE IV 4 UTILIZATION OF OX-POWER BY FARMERS: YELOMA, ETHIOPIA, 1967? 





Nurber of | Number of| Average Nunber of 
oxen-days | oxen-daya| utili- oxen-daya 
performed | maximum zation taxinun 
per year capacity A+B Capacity 
in a peak 
week 
percent 


“adapted from Leander, op. cif., Table 22, p. 57. 


After deduction of Sundays and holidays, 219 working days remain per 
year. 


“A peak week is six working days. 
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3) Ox-power Required per Cultivated Hectare 


The Table IV.5 shows a calculation of the amount of ox-power required for 
each hectare of cultivated land for all crops. 


TABLE IV.5 UTILIZATION OF OX-POWER PER HECTARE CULTIVATED LAND: YELOMA, 
ETHIOPIA, 1967 


Ka 


Total number of ox-pair Cultivated area Number of ox-pair days 
days used on the farm hectares per hectare cultivated 
land 





a Adapted from Leander, op. C£., Table 14, p. 45. 


4) Labor Input Per Cultivated Hectare 


Below fe an estimate of the labor ín crop production ín relation to total 
farm labor. Labor ín crop production accounts for approximately 60 percent of 
productive tasks, Calculated also is the amount of man-hours worked per hec- 
tate of cultivated land. No distinction has been possible between different 
crops. 

TABLE IV.6 LABOR INPUT PER CULTIVATED AREA OF CROPLAND FOR OX-PLOW 
FARMERS: YELOMA, ETHIOPIA, 1967” 


Labor in |Total farm | Labor in crop| Total Nunber of man- 

crop pro- laborb production as | cultivated| houre in crop pro- 

duction percentage of | land duction per hectare 
total farm cultivated land 
labor 

oan-hours |man-hours percent hectares man-hre. /ha. 


1,399 3,254 43 4.88 287 

965 1,373 70 1.27 760 
2,118 3,175 4.10 517 
1,341 2,582 4.12 326 
1,396 2,557 1.81 771 





*Adapted from Leander, op. cit., p. 42. 
Activities in crop production and animal husbandry. 


5) Farmera’ Usc of Working Hours 

The utilization of all available working hours during one year of farm- 
ing and related activities by the-same group ¿f ox-plow farmers in Ethiopia 
was recorded by Leander. For these farmers the work of crop production ac- 
counte for less than one-third of their work time. Taking care of livestock 
took about one-tenth of total work time. Other activities included: going to 
market; gathering fuel; fencing and housebuilding; work for others; leisure 
time; sickness cnd miscellaneous taske such as court attendance and elder 


meetings. All but one spent more time in leisure activity than in the field. 
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ln addition to the farmera’ labor, extra help was used for farm tasks of 
crop production and animal husbandry. The wife and other family members sup- 
plied wost of this extra labor although outsiders were aloo used for 5 to 10 


percent of this work, apparently in exchange for similar help. 
6) Interest in Better Farming Methods 


In a aury ; of every 25th farmer in the CADU project area, the extension 
agents found that all were interested in changing their present farming 
methods. P Almost all believed they could increase the output from their faras 
with i) better seeds, 2) better plows, 3) fertilizers, and 4) more frequent 
weeding. More than half thought that better hand-hoes, insecticides, better 
storage, more and better grassland and up-graded cattle also would be good. 

The survey indicated chat Ji percent of the farmers bum fallow land sod 
in heaps before planting. Over two-thirds said that they used some manure to 
fertilize crops: 32 percent fertilize wheat, 59 percent barley, 43 percent 
maize, 27 percent beans and legumes and 19 percent sorghun. Manure was used 
by 73 percent of all farmers foc fuel and 70 percent used wood. Ninety-nine 
percent of farmers reported they had rodent problezs with their stored grain, 
and 39 percent said they were troubled with insects. Of all farmers, 55 per- 
cent reported their land was eroding but they were not doing anything about it. 
Extension agenta classified 26 percent of the forms as having severe erosion 
and 29 percent with mild erosion. 

Tractors and plows are rented to a certain extent in Asella and around 
Kulumsa. Bengtsson reported that it is "limited to those few who can afford it 
(8 percent) although about 40 percent would pre er tractor plouing."”” A fairly 
high proportion of the farmers south of Asella (27 percent) have not seen a 
tractor and nodem plow. The efficiency of a tractor plow was considered far 


more effective by those aware of 1,38 


Ghana 
1) New Areas for Potential Mechanized Farming 


Soile are sufficiently level for potential mechanization on o small, nar- 
row strip of land along the seacoast east of Accra. Here the rainfall is 76 to 
102 cm., the lowest in Ghana. The soils are mostly Sodium Vleisole, Savannah 
Ochrosols, Regosolic Ground-Water Laterítes, Tropícal Black Earths, and Acíd 
Vleisole. If irrigation water vere made available from the Volta River dam 


at Akosombo, this area would have a soderate potential for mechanized farming. 


J6chi1alo Agricultural Development Unit, General Agricultural Survey of 
the Project Area, p. 34. 


I Bengtsson, | op. 0.5 pa. ld; 
981 bid, 
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The area of greatest potential for mechanized agriculture, however, is 
northern Ghana, comprising the northern half of Brong-Ahafo region and all of 
the Northern and Upper Regions. This area contains approximately 11.7 million 
hectares with an estimated present cultivated area of less than 5 percent. 

ín northern Ghana the land ie fairly level and rainfall averages 114 co. 
a year, 95 percent of which falls during the six-aonth period from April to 
October. This rainfall pattern ie satisfactory for producing most tropical 
annual crops. Furthermore, a large (but as yet undeternined) part of the area 
cau be irrigated from the backed-up Black Volta and White Volta Rivere as a 
result of the dam at Akosombo ín southeastern Ghana on the main Volta River, 

The area of greatest potential mechanization in Chans líes between 7? 31' 
and 11° north latitude (to the northern border between Ghana and Upper Volta) 
and extends east and vest to the borders of Togo and Ivory Coast respectively; 
(it also extends into Northwestern Togo, southern Upper Volta, and Northeastern 


Ivory Coast). 
2) Farm Size Needed to Own an Ox Tean 


It has been estimated for northern Ghana that an area of 4-6 hectares of 


crop land is necessary to justify a farmer's owning a pair of oxen.”” 


Nigeria 
The number of animal-powered mixed farmers (35,951 in 1964) is very small 


in relation to the 4 million hand farmere in the northern region. In this 


connection the following liaiting factors are mentioned by Alkali (1964). ^9 
1) Lack of Capital 


A considerable number of rural people in the past have been unable to 
establish themselves in farming through lack of sufficient credit facilities 
in the Níget'an Native Authoricíes to purchase the required cattle and equip- 
ment. Provision of $2.24 million was made under Project 13 of the 1964 Devel- 
opment Plan to provide additional facilities for over 5,000 new farm owners 
per year. Administration of this scheme pivoted on northern Nígeria's system 


of local governsent and heredity laws. 
2) Effect of Tsetse Fly 


The incidence of trypanosomiasis restricts cattle-keeping south of the 
line of latitude 109, though considerable expansion is possible south of this 
line in Bauchi and Adamawa Provinces. The onward spread of tsetee since 1944 


has severely affected nixed farming in sone areas, notably Zaría Province. 


Ieee Table I1.27. 


“Ou.M. Alkali, Work Animals and Integration of Cattle in Mixed Farming 
an Northern Nigeria Paper presented at General Annual Conference, Nigerian 
Agricultural Society  (mioeographed) (Ibadan: Papers on Agricultural Engineering 
{n Northern Nigeria, October, 1964). 
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Efforts at treatment have shown that in settled cattle, drug resistant strains 
of trypanosomes soon develop. In the light of thie difficulty, the region hae 


been divided into areas of encouragenent, doubtful, and discouragement. 
3) Wastage of Resources 


Part of the wastage of rcaources is uue to animal losses caused by try- 
panosomiasis and «ther diseases, Funds from hiring charges are used for some 
ceasure of insurance and replacement. A major part of the loss is due, however, 
to lack of thrift and management «hich causes many farmers to succumb to season- 
al shortages of animal feed or other difficulties. The development of cooper- 


ative thrift and other societies fs expected to overcome this. 
4) Staff Shortage 


The agricultural extension staff is not responsible for col'ection of 
debts or other routine duties associated with the Mixed Farming Scuere.  How- 
ever, great improvements are needed in both the quality and the numbers of 
extension vrkers “n mixed farming areas, and indeed in all areas. Intensive 
training progracs for all staff levels, outlined in the 1964 Development Plan, 
were aimed at providing one extension worker for every 2,000 farmers by 1968. 
During slack times of the farming year, intensive courses on specific subjecta 
are provided at provincial and regional levels. ln addition, the Ministry's 
Fara Institutes Program is intended to provide a nucleus of trained young farn- 
ers to lead agricultural development in all administrative divisions of the 


North. 
5) Optimal Sized Holdings 


Over half of the mixed farmers have less than B hectares of land, es- 
pecially in the closely farzed areas around large population centers. Sone 
consolidation has occurred but many still have a number of scattered fíelds 
and collect their cattle feed, bot. grazing and cut fodder, outside their farms. 
In establiohing new mixed farmers, the aim fe for each farmer to have the use 
of as much undivided land as is consistent with the land resources of the area, 
with a minimum of 8 contiguous hectares. In Katsina and parts of Kano Province, 
a wore intensive system embracing the heavier use of fertilizer and feeding 
stuff is followed, and mixed farmers perform contract cultivation for neigh- 


bors. 
Tanzania 
1) Present Methods of Ox-Cultivation’= 
SU, Scaife, Research Officer I, An Ox-diawn Implement (o^ Weeding and Tie- 


Ridging Progress Report No. 10 (mimweographed) (Ukiriguru, Tanzania: Western 
Research Centre, January, 1967), 
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Ox-cultivation is the dominant method of farming in most parts of Shin- 
yanga region, and in other western and northern areas. Almost invariably thís 
neans flat-ploving and broadcast seeding followed by hand weeding with 
iembes. The oxen used vary in number from two to twelve per tean with one to 
three men to drive. The standard of plowing is generally high, but for weeding 


it is less than adequate. 
2) The Weeding Dilemma of Ox-powered Farmers 


Collinson, in 1963, illustrated the dilemma of farmers who cultivate by 
oxen. He surveyed 62 farmers in Maswa, of whom 31 used their oun oxen for 
cultivation while most of the remainder hired either tractors or Oxen. The 
major effect of changing from hand cultivation to ox cultivation was to trans- 


fer the labor peak from prínary cultivations to veeding, as shovn in Table IV.7. 


TABLE 1V.7 LABOR INPUTS FOR MAIZE AND COTTON: TANZANIA® 


Crop and operation Flat land (ox) Ridge (hand) 


== -man daya per hectare - ~ - 


otton: Primary cultivations 10 
Weeding 64 37 
size: Primary cultivation 12 84 
Weeding 18 22 


—— — 


“Adapted froa Collinson, Farm Management Survey Report No, 3. 


Collineon showed that with flat planting, the inputs required per hectare 
fell from SC and 84 man-days for cotton and maize, to only 10 to 12 man-days, 
respectively. This fe a oeasure of the potential inpact of an ox-plow and flat 
cultivation on the traditional system. He concluded, "the potentíal incrcase 
in labour efficiency through increased acreage from flat cultivation is 
reduced by the extra labour input required for weeding. . . It is 
certain, however, that no significant benefíts have accrued to those farmere 
who have invested [only) ín an ER AE 

There can be little doubt that the weeding problem is now the major factor 
limiting expansion of both yields and area where ox-plcwing 19 eatablíshed, 


but where efficient weeding tools and methods have not been introduced. 
3) The Decline of Ridging and Tie-ridging 


Ridging, not to mention tie-ridging, has been almost completely abandoned 
in ox farming areas of Tanzania, despite the fact that on research statíons, 
tie-ridging, as opposed to flat cultivation, has been found to give definite 
yield increases, especially in the semi-arid areas such as Shinyanga where ox 
cultivation predominates. Tie-ridging by hand requires about 15 more man-days 


of labor per hectare and Collinson pointe out that on an average this labor 
————— — — — jo 45 2 


4 0111nson, Fanm Management Survey Report No. 3, passin. 
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can be used nore profítably to extend cultivated area. 

The desirability of tie-ridging most soil types to prevent loss of rain 
water and top soil ig undentable. ^? Until now, however, very few farmers have 
found it profitable. Besides the extra labor, plant populations and fertility 
levels in ridges have been discouragingly lou, 


4) Use of Ox-ridgers and Inter-row Cultivation 


Rounce, in 1949, said the ox plov should be discouraged on lighter 50118 
because of the danger of erosion. ^^ Attempts vere made to introduce an ox- 
drawn plow to make 152 cm. ridges, but it proved impractical becaune of the 
high draft required. The normal 92 cm. ox-ridger has been in disfavor because 
the ridges vere not considered large enough to withstand erosion. 

At Ukiriguru, during the last five years, there has been a gradual change 
from 127 cm. to 92 cm. tidges to allow tractors and work oxen to get into the 
Crop for spraying and {ater-row cultivation. Experimente show no consistent 
yield differences betw en crops grown on either ridge. With maize and cotton, 
Only one crop row is p.anted on « 92 cm. ridge ac compared with two on a 127 
cm. rídge. The center Strip on top of the wider ridge cannot be reached ae 
effsctively by cultivation implements. 

The normal method of inter-rou cultivation with oxen is to pass through 
the crop, first with a five-tined cultivator and then with a rídger to reform 
the ridges. The latter used by itself scrapes weeds more effectively from the 
bottom of the furrow than from the aides of the ridge. The cultivator tends 
to dig deepiy into the sides of the ridge. Two operations are neceseary, re- 
ducing the work rate to about 0.3 hectare per day and ties must be added by 
hand. 


5) A Tie-ridging and Weeding Attachmeut for Ox-ridgers 


Stokes, in 1963, devised a simple implement to do weeding and tieing with 
one operation with twe well-trained oxen. ^? It consists of half a worn 66 cm. 
tractor plow disk, mounted transversely on a short bean which hinges on the 
beam of an ordinary ridging plow. The disk is raised and lovered with a 
handle by the operator and the oxen are yoked with a 2.45 n. yoke so they 
Walk in alternate ridges. Cost of the locally-made unit fs about $5.00. The 
rate of work 19 about 0.6 hectares per day, or three tines as faet an regular 


plovíng. 





Hie site, Op. Cit., p. 2. 


WÉI Rounce, The Agriculture of the Cultivation Steppe (London: 
Longmans, Green and Co., 1949), 


“SAR. Stokes, "Mechanisation and the Peasant Farmer," World Crops, 
Vol. XV (December, 1963). 
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Ridging provides planting lines which are an essential prerequisite for 
inter-row cultivation and, provided the ridges are on contour, can increase 
rainfall retention and infiltration. In operation the tie-ridger scrapes soil 
from the furrow and deposite it as a tie, by lifting the disk handle about 
every three mètsre., The tíe-rídging attachment also cleans the ridge sides, 
which the ridger does not do satísfac*orily. Work quality depends mainly upon 
straight and uniform ridge width. Under ideal conditions it is possible to 
reduce the amount of hand-weeding to the minirun. 

Ridging on Tropical Black clays is not feasible with a disk plow, or 
with oxen power because of the hardness of the soil. For such soile, the 
Ukiriguru Weetern Research Stetion recommends flat-cultivation as appro- 


priate. 


Cultivation Practices and Animal-powered Tools 


Land Preparation 


1) Limitations and Constraints 


a) Disadvantages of Indigenous Breaking-plows They have very low 


vorking capacities; land must be plowed three to four times. Since the soil 
is not turned over, the weed seeds are not buried deep enough to prevent nev 
germination and plowed fields become very weedy. The points have ineffective 
cutting action símply pushing aside weeds with tcugh roots. Inadequate plowing 
makes it impractical to turn under green manure plants and to grow fodder crops 


for livestock feed. 


b) Lack of Sharp Toole Gabathuler reported tools in Ethiopia are 
never sharpened although there are many sources of good sandstone. Dull tools 
cause much vaste of material, effort and time, and especially for plowing,the 


working time is very high. 4^ 


c) Increased Erosion Improved plows and more power for effective 
tíllage and weed control requireo greater emphasis on soll and water conser- 
vation measures. The land will not be as rough and resistant to erosíon since 
«illage fs deeper and nore vegetation will be buried. Deep plowing alone 
greatly increases the danger of erosion. Plowing must be done on the contour, 
and rovs planted across the slopes. Strip-farming may need to be practiced 
along víth terracing, use of grassed vatervays and sod crops in rotations. 
More research is needed on the economics, practicability and implementation 
of such systems. The increased use of manure will also cause greater weeding 
probleas unless it can be buried deep enough to prevent weed seeds fron gerni- 
nating. Hopfen states the breaking ard has advantages from the viewpoint of 





46 sbathuler, op. Cit., p. 4. 
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erosion cort*rol: 


The technical features, low cost, simplicity of design and 
ease of operation possessed by breaking ards are advantages 
which should not be underestimated, especially for moisture 
conservation in regions particularly exposed to wind and water 
erosion. Their disadvantages . . . do not justify attempts to 
substitute them with moldboard plows in the aforecentioned 
regions [including parts of tropical Africa]‘? 


2) Need for Improved Animal Tillage Tools and Practices 


a) Requirements for a Successful Plow The basic requircaents for 


a Successful plow bottom are the same whether it is animal- or tractor-povered. 
The size, weight and shape of the plow should be suited to the soil conditions 
and power available. There should be a choice of moldboards to suit dit ferent 
soil conditions. Soil moving parte should be made of high carbon steel or 
special soft center plow steel to issure long wear and good scouring. Wearing 
parte should be easily removed for sharpening or replacement. Shares should 

be made of the best available material az2 kent sharp. Dull or improperly 
made sharee waste power. About 50 percent of the power required in plowing is 
used by the share. Easy and accurate adjustments are needed to control the 
depth of plowing and width of furrow. This can be accomplished on aniual- 
drawn plows by changing the hitch-point, or providing holes or wedges to change 
the angle of the beam. A front gauge wheel is desirable on dry soils but is 
impractical on wet sticky soils typical of many parte of Ethiopia. 


b) Improved Soll Stirring (Chisel) Plows Plows of the non-inverting 


chisel-type are used in certain areas of each region of Equatorial Africa. 
Chisel-type plows, both animal- and Cractor-drawn, are preferred for certain 
soil and climatic conditions, particularly where stubble-mulch-farming is prac- 
ticed. In semi-arid regions where soile are subject to wind and water erosion, 
adaptive research is needed. Sone excellent results were observed in northern 
Tanzania on large wheat farms using chisel plows, minimum tillage and strip 
farming techniques. "P Various taproved interchangeable shares and sweeps have 
been fitted for more thorough tillage and effective weeding, Equipped with 
rídging bodies or other working parts, this modern aAd becomes a multi-pur- 
pose inplesment. id 


c) Improved Moldboard Plow The idea of an improved moldboerd plow 
is not new. ^C: the advice of Gabathuler, some experimental plows were made in 
1953 by a private firm in Ethiopia. Satisfactory bech in construction and per- 
formance, their cost was about $12.00 to $16.00. The weight of the plow, 
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“8 sona McCartney, Agronomist, Northern Research Center, Tengeru, Arusha, 
Tanzania, Personal Communication, October; 1968. 


“Popin; op.cit., pp. 59-61. 
2-365 


without beat, vas 14.5 kg. and the traction power required about 200 kg. Its 
performance in heavy soils and under dry conditions was good, permitting plow- 


ing of two to three times as much per hour as the local plow.?? 


d) VITA, “mproved Moldboard Plow for Oxen In Asia, VITA tested 


existing moldboard ,'owa for suitability to local conditions. One considered 
best adapted to Afghanistan has poseibilities for use in Equatorial Africa. 

In testo by CADU in Ethiopia, it performed very favorably. The plow has been 
given the name "village plow" because it can be made by local blacksaiths. 

Alı other plows tested were of the Weatern-type, modeled after horse or trac- 
tor-drawm plows. When used with oxen as straíght-pole plows, they a. unwieldy 
and hard to control. In contrast, the village plow handles well with its long 
low share, and can 5e controlled ae easily ao the local wooden plow, and 

scoure bettcr in heavy soils. 

Rivets are used entirely in the conetruction of the village plow because 
farmers lack wrenches to tighten bolts. Even the share is riveted to the mold- 
board so that it can be easily replaced by the village blacksmith. Riveting 
prevents loss of parts due to bolts becoming loose. Wooden wedges in the pole 
bracket adjust the plov for depth of ploving. Raising the pole in the bracket 
allows the plow to go deeper into the soil, while lovering the pole leta the 
plow run shallow. The plow is adjusted so that the back of the landside runs 
as close as possible to the bottom of the furrow while plowing at the desired 


depth. ^? 


e) Wood-bar Peg-tooth Harrow The CENTO traveling seminar describes 
a siaple harrow very suitable for use in Equatorial At rica. "^ The lov-cost 
woud-bar peg-tooth harrow is designed for animal or tractor power. Flexible 
linkage between the bars helps to give the harrow a self-cleaning feature. 
Teeth are spaced 20 cm. apart and the bars offset to give an average tooth 
spacing of 5 cm. The harrow can be made in any length to euit the power avail- 
able. The linkage is arranged to keep the teeth erect while in use but still 


permite them to tip back and release accunulated trash. 
Weeding and Inter-rov Cultivation with Animal Power 
1) Limitations and Constraints 


a) Seriousness of Weeds In Equatorial Africa present methods of 





land preparation by ox plow in coebination with a surplus of vater duríng the 
rainy season facilitates veel growth. With low standards of cultivation, a 
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very serious problem exists in most farmers’ crops. Bengtsson says, "about 

60 percent of the interviewed [ox-plov] farmers are of the opinion that weede 
are the greatest problem ín crop production. Assistance in the combat of 
noxious weeds is often requested and it is quite understandable that the labor- 
ious hand picking procedure is far from sufficient. A solution will require 


not only a sinple but also an efficient method with frequent veeding."”” 


b) Soil burning Soil burning ís practiced in certain areas of 
Ethiopia, particularly south of Asella. Bengtsson reported that “in some cases 
weed growth fs decreased, @.g., weed seeds are destroyed during the burning. 
. . » It ig almost the only way of getting rid of all grasses and their roots, 
since the present plough is short of moulding properties and so the organic 


material can not be mixed with the soil.” 


c) Proportion of Weeds to Cultivated Plante Bengtsson reported that 
in Ethiopia, at the end of August there are about five tines as many weed plants 
in umveeded wheat fields as there are crop plants. The average number of weed 
plants exceeds barley and flax plants three times and maize plants 28 times.”” 

A disadvantage of canuring crops As mentioned by farmers who complain that 
though manure 18 important for the crop, it also considerably increased weed 


growth. °° 


2) Need for Improved Animal Weeding Tools and Practices 


a) Land Preparation for Weed Control To effectively destroy weeds 
in land preparation a better plow ia needed. An improved type aoldboard plow 
can greatly aid the farmer in controlling weeds in adequate rainfall areas 
where it fe desirable to turn under vegetation for green manuring and to dís- 
pose of heavy vegetative growth. Bengtsson reported: 

"Very few farmers know about a better plough. Neverthe- 

less, 82 percent of the interviewed farners have a longing for 
a better soil preparation implezent."  [Furthermore,] “in 

case an ioproved plough is made available, stronger animals, 
for instance mules, must be provided." [He says,) "35 percent 
of the farmers showed an interest in keeping nules as draught 


animale provided they got the equipment needed and were trained 
in the handling of it." 


b) Shortcomings of the Ridger for Weed Control In Ghana and Niger- 


fa, most ox-pover farmers have only one implement, the ridger. With it they 


do all basic operations including land preparation, ín-furrov weeding and 
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by removing the aoldboards, groundnut lifting can be accomplished. With the 
ridger they cannot weed the ridge tops which must be cultivated by hand. The 
technique of ridging the old furrow to clean out the weeds before splitting the 
old ridges into it, helps to reduce weeds in the new ridge. Weedere can be 
devised for ridge cultivation but ft takes more power to retie the furrows and 
to re-bank the ridges. Planting on the flat offers advantages in weed con- 


trol which are simpler and less costly. 


c) Need for Research in Weed Control Haynes reported on ridge 


weed contro. in northern Nigeria: 


In the majority of cases where weed scores or labor re- 
quired for weeding have been recorded, direct splitting of 
ridges has given better control than any other type of culti- 
vation in the first seaso.. This is probably due to the action 
of the lister-type rídgers which bury the seeds lying on the 
surface deep inside the new ridge. It fa not clear, however, 
whether the benefits of direct splitting will persist when 
these buried seeds are brought to the surface by splitting in 
the following year. Successful crops have been raised under 
mixed farming conditions by combining hoeing and reridging 
but where tractore are used, sore hand weeding is usually neces- 
sary after the crops become too tall. The conditions which 
favor water and soil conservation (@.g., tied riages) render 
weeding more difficult, producing ground conditions in which 
tractor work je difficule or impossible, end in which siaple 
hoeing may not kill weeda . . . Thus although the current cost 
of herbicides is high, cheaical control may eventually be una- 
voideble and new herbicides should be tested regularly.58 


d) Improved Ridger Attachments for Weed Control Shambaugh writes, 


We have a prototype weeding attachment for the Emcot plow 
and.vill give it field trials [1969] before we release it or 
write a report. It will weed between the rov, cutting dovn the 
ridges and then the ridger will remold them. We hope by this 
groundnut and weeding attachment for the 60,000 Encots in the 
North to possibly educate the farnere that other attachments 
are useful and posgibly lead thea tovard buying Arianas with 
the attachments. ? 

e) Adoption of Row Weeding In Ethiopia, Kenya, Tanzania and other 
parte of East Africa vhere it is not nov practíced, rov plartíng must be pro- 
moted to permit more efficient use of animal-powered cultivators and hoes. 

The use of lightweight, inexpensive multi-purpose single-row hoes and multiple- 
row toolbar cultivators would greatly increase weeding capacity and efficiency. 
The eingle-purpose one-row three-tooth cultivator can help the plow farmer 


solve one of hie vorst oottlenecks. 
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Planting and Seeding With Animal Pover 


L) Limitations and Constrainta 


In the light sandy soils of Senegal, Mali and Gasbia, very little basic 
tillage is needed and the bulk of labor fs used in secondary tillage and 


planting to get the crop ín as soon as possible after the rains start. 


a) Effect of Planting on Weeding In Nigeria and Ghane with hard 


dry soils which must be softened by raine, the major limitation is primary 
tillage for the hand farmer and usually weeding for the animal farmer. Since 
the ridger can be used only for weeding in the furrows, the farmer has 
more inter-row weeding to do as he expands his area with animal-power. Thus 
the quality and the rapidity with which he fe able to weed depends primarily 
on the way he plants and how it facilitates the later weedings. 

In Ethiupia the broadcast method of seeding results in poor coverage, 
germination and distribution. Land preparation does not eradicate the 
weed plants and uncleaned seed adds more weeds to incrcase the competition. 
In addition the random plant epacing prevents efficient inter-cultivation 
and any weeding in emall grains and legumes must Le laboriously done by 
hand. 


b) Effect of Early Soving In Tanzania planting was reported to 
be the crucial operation ín cotton production. Cotton is especially sensitive 
to noísture, and early planting fe essential to good yields as borne out 
in experiments by the Institute of Agricultural Research in Ethiopia. DÉI 


In Nigeria, Haynes reported, "in another trial at Dambolta there was 


a marked decrease in yield with late planting of upland rice, "9? 
Early planting 2 April Yield 4668 kg./ha. 
Late planting 4 June Yield 3035 kg./ha. 


c) Effect of Ridge Planting Ridge farming has long been advocated 
in many areas of Equatorial Africa to prevent erosion, to conserve vater 
and to increase yields. Ridges, however, hamper mechanical planting and 
weeding of crops. Shambaugh reporte: "After five years of mechanical 
cultivation of crops on both the flat and on ridges, we can see no advantage 


to ridge farwing in this area [northwestern Nigeria] "bi More research data 
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arc necessary to give clear evidence on the appropriateness of ridge culti- 
vation in different arcas where it is being used. Such experimental work 


should be aufficientiy related to local environmental conditions. 
2) Need for Improved Animal Seeding ioole and Practices 


a) Leveling Harrow for Covering In Ethiopia the fourth plowing 
is a substitute for harrowing to cover the secda. Bengtason says: 
(o. « the seed3 are ploughed down in the soi]... 
There ia no leveling of the land before planting. Instead 
there are furrows which are quite decp and wide with respect 
to seed covering . . . Thie practice . . . explains the 
relatively high seed rates that are used. 
There is a definite need for sone type of spring-tooth or spike- 
tooth harrow for leveling lond prior to planting, for cover:ng broadcast 
seed to a uniform depth, and for reducing the work. A mechanical cyclone 


seeder for more accurate broadcasting also ic desirable. 


b) Seed Cleaner The purity of aced presently used by most farmers 
is contaminated with both weed seeds and inert matter. Both anímal-pouered 
and hand-powered farmers improve their secd before planting by hand clean- 


ame A simple hand or foot-operoted winnower or fanning mill is nee ed. 


c) Row Marker and Seed Drí!l Except where ridging is practiced 
or certain market oríented cash-crops like cotton and groundnuts are raised, 
most crops are still planted by broadcasting or random hand-spacing by 
ox-plow farmers. The farmer who plants by hand on the flat, needs a 
oimple row-marker. Larger farmers need a simple seed driil for row sowing 
at a uniform depth for good germination and uniform spacing for subsequent 
weeding. In drier areas this unit should be able to plant in trash mulch 


to a uniform depth without blockage; it could also apply fertilizer. 


d) Row Planters For the farmer who wishes to mechanical plant 
row crops, there is a need for a simple inexpensive seed planter to sow 
a variety of seeds at selected rates. Stephens mentions "the development 
of a simple cheap seeder is a matter of the highest priority. Various 
seeders were tested but none proved completely satisfactory . . . A cheap, 
simple seeder giving accurate planting for a variety of crops has still to 
be developed.""°> 
Cooper tested various types of seeders to find suitable equipment to 


plant Kenya Hybrid maize. He says, “the high price and scarcity value of 
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this seed calle for efficient seedere . . . The machines having a etal 
rotating agitator over a series of graduated holes were the most coneístent 


in work although better inter-plent spacing vae desirable.” Rotating brush- 
egitators adjacent to graduated holes vere satisfactory, provided the brietles 
were bunched together to give a paddle effect. All planters required a 

fairly smooth seedbed and, when plantíng to the desired depth, it vas 
necessary to fit a epecial coulter. When mounted “1 toolbars they required 
specially) designed eprirg-loaded arms to apply pressure on the drive-wh-el 


at the correct angle to maintain positive drive. 


Harvesting and Threahing vith Anical Pover 


1) Limitations and Constrainta 


a) Effect of Field Length Haynes points out for vheeled toole 
there is a ainimus length field that pereits efficient operation. He says: 
The cooparison of the turning tices of the Sanaru Lifter 
and the Kano King is of general interest. The Sanatu Lifter, 
having two wheels aust be turned in the same vay as the vheel 
toolbars which ere somerimen advocated (APLOS, Attele, etc.). 
While it hae been obvious that euch iaplesents would be at a 

disadvantage in small fields, it ie nov possible to suggest 


a very tentative eize of field -- «.€., less than 95 yards 


(8? meters) long -- for which wheeled taplenenta are unsuitable. 9? 


b) Effect of Hard Soil Conditions Under very hard soil conditions 
it may take auch tise and be alooet impossible to dig groundnuts; blades say 
have to be sharpened frequently and gleaning losses may be high. Haynes 
says, “the condition of the soíl, rather than the percentage of gleanings, 
influences the time taken and any differences orc likely to favour fopleaente 
euch as the Samaru groundnut lifter and Ariens, which leave the eof] vell 


broken. "ÉS 


c) Effect of Unsuitable Ieplemente While the Escot rídger is 
commonly used by vestern Africa farnere for groundnut lifting with the ving 


Boldboards removed, Haynes pointe out, “the working rate figures do not 
reflect adequately the difficulty of doing a good job with the Escot. Highly 
ekilled ploughsen have difficulty in keeping the share in the right place 


** 


and the work te very fatiguing. 
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d) Effect of Threshing Method on Grain Quality The amount of 


broken seeds ín small grains fs influenced by the threshing method. However, 
Bengtsson reported that "traditional threshing with oxen gave only 0.1 
to 0.2 percent of broken seeds, whereas the use of a threahing machine 


caused a percentage of broken seeds of almost 2 percent, or 10 tímes as 


An FMC etudy team, ín commenting on crops threshed by trampling in 
Ethiopia said, "crops threshed by trampling out grain with horses or cows 
« « + recent teste have indicated that from 30 to 35 percent of grain fs not 


recovered from the threshing floor."?! 


e) Effect of Threshing on Oxen's Health The threshing operation, 
extending over two months of dry weather, is very hard on oxen used day 
after cuy to trample out grain. They arc frequently muzzled and may not 
receive adequate amounts of water. Fischer says the continuous stress on 


the oxen results in many animal deaths in Ethiopia. ^^ 


f) Effect of Improved Varieties and Yields The high labor require- 


ments for threshing can be met when yields are lov from small areas, but 

with larger yields from improved varieties and improved agricultural practices 
the volume of work will be multiplied. It may become so great as to extend 
into the next rainy season or conflict with other farm operations. I”. any 
case, threshing will become more costly, tine will become o limiting factor 
and losses may increase beyond acceptable limits if traditional methods are 


used to process harder-to-thresh varieties. 


2) Need for Improved Animal Harvesting Tools and Practices 


a) Isproved Groundnut Lifters In addition to the ridging or 


breaking plow, the only animal implement owned by most farmers, additional 
tools are needed to asetet with particularly difficult, timely or critical 
operatione for high value, high volume crops. Most farmers in Nigeria and 
Chana use the Emcot ridger sinus ite moldboards for groundnut lifting. It 
greatly increases the amount of hand labor to wind-row and dig out the nuts. 
A special attachment ie needed to convert the Emcot into a lifter. Shambaugh 
with the Industrial Development Center (IDC) in Nigeria has developed such 

an attachment and the designs have been tested and approved for use by 


farmers. He writes, "Kano State exhibited our groundnut lifter attachment 
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at their agricultural fairs and thc Ministry of Agriculiure has requested 
40 of then to be built right away. We are having a seminar for blackemithe 


next week for making groundnut liftera."”” 


b) Animal Threshing Tools The traditional way of threshing vith 
animale’ hooves in Ethiopia is very laborious and time consuming. The 
product is extremely dirty and fe laboriously cleaned by winnowing in the 
wind. Although a very few communities have contract or hire-services for 
mechanical threshing, the vast majority of small African grain farmers must 
derend upon themselves and locally available tools. Improved devices such 
as threshíng-sleds, rollers and disks should be tried and evaluated. 

Improved inplenentr could be manufactured locally to stimulate small business 


activity. 


c) Training for Correct Operation of Machines For farrera or 


contractors who operate or use mechanical threshers or combines, specíal 
in-service-training vorkshops and courses should be provided by government, 
machinery companies and technical assistance groups. Users should be 
taught how to make proper adjustments and operate each zachine correctlv 


to ainimize grain loss and kernel damages. 


d) Animal Moving Implements Sickle cutting is extremely slow 
for grain crops and cven less productive for mowing grass. The lack of an 
effective and reasonably priced method of mowing has discouraged hay-making 
and the proper feeding of animals during the dry season. A simple but 
efficient way of cutting grass with animal power is needed. 
An animal-powered wind-rower or grain swather would help larger farmers 
to avoid weather hazards, animal, bird and rodent attacks and to increase 


production of high yielding varieties of small grains. 


Proceesing and Transporting with Animal Power 


1) Limitatione and Constraints 


a) Scarcity of Suitable Wheels for Ox Carts Haynes reported that 
pneunatic-tired carts were built by several Nigerian Native Authority work- 


Shops ín the North from old car axles and kit-bodies. These carte gave 
excellent service and users were satisfied with their performance but they 
were expensive due to limited supplies of suitable junked vehicles. Steel- 
wheeled carts also were built using imported wheels and axles, but they 
required major repairs after only 2 1/2 seasons’ work. Haynes says there are 


three main complaints about iaported carts, wheels and axles: 
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l. Talbot carts using ex-Bren gun carrier whecls vere completely 
uneatisfactory because the wheels were too small, the body poorly constructed 
and the axle arrangecent unsound. 

2. Some wheele imported by the Bauchi Native Authority were unsatis- 
factory because of defective welding of spokes to rias. 

3. Imported steel wheels were satisfactory for two or three seasons 
but it vas impossible to obtain replacement bushings. Once the bushings 
wore away the hub and axle wore rapidly. Village blacksmithe were unable 
to make repairs. ^^ 

Alternatively, "rubber tires provide ample cushioning against shock, 
and triale in East Africa have shown that identical bearings last 13 times 
longer when iubber tires replace steel wheels. Also, firas opecializing 
in wheel manufacture can produce rubber-tired disk wheels more cheaply than 


steel-rin steel-spoke types, ui? 


b) High Prices of New Wheel Assenblies and Imported Ox Carts In 


most developing countries the demand for carts greatly exceeos the eupply of 
scrap; and special axles and wheels, with Spare parts, will be required to 
meet rising demande. In 1965 Haynes said, "there appears to be no hope 

of producing steel or pneumatic wheels for leas than $56.00 per set, with 
complete carts costing $98.00 to $150.00, depending on the quality of the 
body." There have been many criticisms that such prices are beyond the 
resources of farmers although similar prices are quoted for factory-made 
carte in other West African countries. In 1965 ox carts eold for $136.00 

in Senegal, and the cost of production in the NIAE factory in Cambia was 
$156.40, although the carts were sold to farmers for $128.00, 76 


c) Local Manufacture of Ox Carts and Yokes In 1968, the John 

Hole Agricultural Engineers Ltd. factory in Zaria, Nigeria, began to manu- 
facture light-weight ox carts based on a design developed at the Institute 
for Agricultural Research, Ahmadu Bello Univeraity, Samaru, Northern Nigeria. 
Farmcrs say the sodified John Holt carte are too light for rough usage and 
quite expensive at $120.00. One hundred carts vere produced in 1967 and 
another 100 in 1968, which were reported not selling very fast. 

Shambaugh also has developed an improved o. yoke: which is being made 
by a local workshop. He states, "we have not gotten the wood eupply for 


the ox yokes all arranged yet. Interest is growing in the yoke and we hope 
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to get 25 to 50 out in the Northern States for introductory purposes in 


the next few uohthe e? 


2) Need for Improved Tools and Practices 

Animal-powered farmera want ox carts but the sinplest types tried in 
the last decade in Nigeria, Ghana, Kenyz and Tanzania have been unsatisfactory. 
Primary reasone are lack of suitable wheels and axle sets and the fact that 
village blacksaiths have inadequate facilities fcr repaírine vorn axles 
and bearings. 

The price of imported carts iu excessively high for the animal- 
farmer. It ie doubtful that carts will become commonplace until a satis- 
factory, reasonably-priced unit is made within each country and properly 
supported with local service and spare parts. Haynes estimated the cost 
to build a cart in Nigeria, using duty-free imported tires and bodies built 
in a local factory, was $120.00 without allowing normal mark-up to distri- 
butors ($140.00 or $154.00) if made by the Native Authority workshops. 

In a comparison between the standard SISCOMA ox carc and the Nigerian 
improved ox cart, llaynes said: 

In both cases the design load is one ton [937 kgs.] but 

a nuch higher safety factor 18 allowed in the Samaru design 

(because of the danger of loads of manure or laterite being 

saturated by rain), and car-sized tyres were rejected because 

of their load carrying capacity. A furthe consideration was 

that the rolling resistance of car tyres would be high in 

sand or mud and they would form deep ruts which might cause 

erosion. The high initial cost was also considered to be a 

factor against car tyres, although this could be overcome 1f 

‘faulty’ tyres were available from manufacturers or if old, 

worn tyres could be utilized. None of the carts manufactured 

by SISCO!A are fitted with steel rins (which are considered 

desirable by the Northern Nigerian Ministry of Agriculture), 

and their corts at least are 510 [$28] more expensive than 


the target price of the Sanaru design; no special provision 
is made for replacing worn out parts. 


In sunmary, it may be that in opite of these differences, 
it ie conceivable that it would be cheaper and more convenient 
to import SISCOMA carte from western Africa into northern Nigeria 
rather than attempt to establish local manufacturg or to import 
completed carts from Europe or the United States. 


Engine-powered Agricultural Systens 


The profitable use of any improved tool or machine requires that it be 


used along with other improved inputs in an appropriate farming system, Such 
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feplenents facilitate the development of the eystem by making it possible to 
apply or carry out sone improved practice; doing it with more tígelíness; 
enlarging the scope of operat‘ons; aiding the prevention of soil and crop 
loss or destruction; and by combining operatíons. 

The creation of the most favorable environment fur plant grovth and 
production with che least expenditure for inputs per unit of yield gives 
the greatest economic return. The wise selection, rational use, full 
utilization, proper care and maintenance of suitable machinery will make 
any good farmer a better farmer. With adequate power and mechanical ad- 
vantage, & farmer can utilize all available resources to the fullest extent 
of his management ability. 

One of the major factors influencing high costs is the under-utilization 
of expensive machines and power units. Except for a few intensively operated 
and well-managed commercial farms, plantations and private contractors, most 
equipment ín developing countries is not used to full capacity. A ma joA 
problem is idleness o^ non-productive operation. Idle machines fail to 
minimize costs because overhead costs concinue and nust be paid; to engage 
in activity that brings in no return, or operates at a loss, is even more 
detrimental. The first task is to find more useful work fo. cach machine and 
to reduce unit overhead costs. The second is to reduce :jn-productive work 
and wasteful operating. Too many purchasers and uvers of machinery think 
only ín terms of plowing or primary tíllage for a one-crop-a-year eysten. 
Much more erphasis must be put on multiple-ckopping and on DEE 
Of operational tasks to fully utilize productive machinery. 


Ethiopia Mechanized Operations 


Tendaho Plantations 





Tendaho required one 55 to 60 hp. tractor for each 11 hectares under 
cultivation during its initial developuent and growth fron 500 to 4,000 
hectares in size. Since reaching the present size of over 5,000 hectares, 
the managers have been able to íncrease tle amount cultivated per tractor 
up to 150 to 160 hectares through greater field efficiency, better operators, 
more level fielde, fewer wet spots, and less breakage and doun-tize. At 
least 50 percent of this increase in efficiency nay be directly attributed 
to better training and experience among tractor operators who accept greater 


responsibility for their machinery. 


1) Macnine rield Efficiency 


Particularly revealíng are recorde showing work-rates and average field 
capacities for various field operations during the past three years. Part 


of the indicated increase in efficiency fe due to recognítíon of the importance 
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of tractor operator training, recognition and experience. Table IV.8 presents 
information on efficiency of field operations. All of the machines in Table 
IV.8 are powered by a 58 hp. Massey-Ferguson 165 tractor or equivalent unless 


otherwise indicated. 


TABLE IV.8 COMPARATIVE EFFICIENCY OF FIELD OPERATIONS: 
TENDANO PLANTATIONS SHARE COMPANY, ETHIOPIA 1966-1968 

















Field Time | — Capacity | 
operation Machine JS, ber? 1967 1968 





- - hèctaresi- - 





hours 








4-furrow disk plow, ntd., 10 2- 













Ploving 34 d 
(2 ca.) S-furrow moldboard plow 10 - = 
Harrowing No. 52 Tanden, 3 meter cut 10 8 20 
Dieking M-36 vide-level, one-vay 10 10 25 
(24 disk) 
Planting 4-row unit planter, (91 cm. 12 8 16 
rows, no fertilizing or 
epraying) d d 
6-row planter (made fron 12 - - 
1 1/2, 4-row machines) 
Inter-rov J-rov rear-otd. rigid- 8 6 16 
cultivation tooth cultivatore 
4-row mid- and rear-ntd. 8 8 20 
epring-tooth cultivators 
Slashing 182 ca. rotary síngle-blade 10 5, | 7-10 
3 meter rotary double-blade 10 E 20 
Leveling 3 meter Eve-son land plane 10 e > 
Hauling 2.5 x 3.0 x 2.5 meter high 8 - - 





bulk trailers (crop put 
in bags in field) 







With 10 plows, 50 ha./day during 1968 season were averaged. The MF-175 
tractor is used with the 5-furrov moldboard plow. 

With an experienced dríver and an assístant to vatch the planters, up 

to 48 ha. has been planted in one 12-hour day. 

Because of the good, etraight and even job of plantíng, 3-rov cultivators 
in fields planted with 4-row planters, and also 4-row cultivators in 
fields planted with 6-row planters are used. 

Not in use at this cine. 

Variable - depends on field condition and unevenness. 

Variable - depende on distance and road conditions. 


"^ n» 


2) Estimation of Seasonal Tractor Operational Hours 


Using 1967 capacíties as an average, an operational schedule vas planned 
at Tendaho, using JO tractors to work 5,000 hectares for the 1967-68 
season. Since Tendaho has a fleet of 40 operating tractors, the re- 
maining 10 tractors vere used 8 hours per day for )J0 days for odd {obs 
uot directly related t. crop production field activities euch as trausporting 
fuel to fíelds; miscellaneous cultivation to control veeds, and grass around 


roads, ditches, buiíldí:gs, irrigation canale; construction of engineering 
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works such as irrigation bunds, leeves, roade, buildings, yards; and con- 
etruction of ditches and canale. 
The total estimated nunber of hours required for miscellaneous operations 


8000 hours 


10 tractors " 800 hours per tractor. 


is equal t^: 


TABLE IV.9 TRACTOR OPERATIONAL HOURS REQUIRED FOR 5,00) HECTARES OF 
IRRIGATED COTTON:  TENDAHO PLANTATIONS, ETHIOPIA “ 





Total 
Operation machine 
hours 
hectares 
Slashing 7 182 cm. 7-8 ha. 50 100 | 7x10x100» 
7,000 
Ploving 10 4-furrow 4 ha. 
disk 
50 100 |12x10x10= 
1200 
2 5-furrow 
zoldboard 5 ha. 
Leveling 5 306 cm. 10 hr. n.a. 100 [5x10x100» 
5,000 
Harroving 15 306 cm. 14 ha. 200 25 |15x10x25x2= 
(tvice) 7,500 
Planting 10 367 cm. 14 ha. 140 36 |lOx12x36= 
4,320 
Cultivating 4 276 cm. 14 ha. a 30 |iOx6x30x2 1/2» 
(2-3 tines) 6 367 ca. 20 ha. 120 6,000 
Transporting 10 n.a. 8 hr. n.a. 50 1|10x8x50e 
4,000 


Estimated — number of hours required for crop production 45,820 


d Assuming a lO-hour day. 
The above figures give an average annual use per tractor for 30 tractors for 


45,820 hours 
e MA o 
field operations equal to 30 tractora 1,527 hours per tractor. 


(13 of these tractors actually did over 2,000 hours of work each, during 
the season.) 


3) F'eld Spraying 


All field spraying is done by airplane on contract with Axum Air Service. 
The average spraying rate is 120 to 130 ha./hr. During a typícal run, the 
pilot sprayed 260 hectares in less than tuo hours. The total cost pet hectare 
for six sprays is about $36.00 per hectare: cost of the pilot and plane amounts 


to $2.00/ha. per application; cost of the chemicals (one pound DDT and 1/2 
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pound Aldrin) plus the service crew and entomologist is about $4.00/ha. per 
application. 


4) Maintenance Policies 


Only one driver ie assigned to each tractor and he has full responsibility 
for its operation and maintenance. The use of assistant drivers vas dropped, 
even when working l2-hour days during the peak seasors of ploving and planting, 
because each driver tende to blame the other for any deficiencies. The 
operation and maintenance of all tractors on the plantation fe under the 
control of a farm equipment manager and an assistant. In addition, each of 
the five faros of about 1,000 hectares has one tractor supervisor and one 
field mechanic to resist with the daily and weekly maintenance schedules for 
all machines aad tu supervise their proper use in the field. All minor ad- 
justrents in rhc field are handled by the farm oechenic. 

Every Saturday at 1600 houre all tractors are brought ínto each farm 
machinery pool and the drivers spend two hours tightening bolts, making ad- 
juetrents and performing weekly lubrication services. In addition, every 
150 hours, the oil and ofl filter are changed; every 150 hours, the first 
fuel filter is changed and the second filter is cleaned (more frequently 1f 
neceosary, twice a day when plowing dry soil). Daily service is done at the 
end of the work day when the drivere fill up with fuel, check the ofl, water 
and tires and get machines ready for the following day. 

During the 1968 season, the major machinery problems vere: breakage of 
stay hars and hydraulíc lifts; breakage of end failure of tíre casíngs; 


battery failures and problems with electrical equipment. 


a) Breakage of Stay Bare and Hydraulic Lifts This has been 
corre-ted by installing a new type of heavy-duty adjustable cross linkage 


between the dravbar arms to replace the weaker chains, pins and outer stay 
bars. Designed by Bob Brindley, the local Massey-Ferguson man, and Mike 
Harley, Tendaho Farm Equipment Manager, this new cross linkage keeps implecentsg 
in place, prevents excessive swinging, increases stability, prevents damage 


to tires and tractors and is easy to adjust. 


b) Breakage and Failure of Tire Casinge After one or two seasons, 


rear tíres tend to break ín the center of the casing at the base of the lugs. 
Front tires develop radial cracks in the treada long before the tread is 
worn out, even though properly inflated and carefully operated. New tire 


designs are being tried to overcome these problens. 


c) Battery Failures and Problems with Electrical Equipment In 


spite of extra care, batteries last only half the normal service life. Dust 


causes excessive vear of armatures, bearings and seals. One tractor is ex- 
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perimentally equipped with a Simms mechanical spring etirter which is effective. 
If conversion costs vere not so high for the older tractore, the managers 


would like to install epring starters on all diesel tractors. 
Setit-Hupera 
1) Development 


Several developments have great social and economic implications for the 
present and future development of the region. These developments include: 


new water supplies, year-round access and a proposed road and bridge. 


a) New Mater Supplies Ground water was successfully obtained for 
the first time by a Germen contracting firm (August Gottker Erben Co. Led., 
Dr. Erich Debe, Manager) from Asmara. Two wells were dug for the city and 
three for fares with depths from Ar to 120 meters. A three inch casing is 
used for wells up to 50 meters deep and a six inch casing for deeper vells. 
Price for the síx inch casing, 120-meter vell with pump and motor vas reported 
to be $7,000. Lack of water has long slowed the growth of this area and newly 


available water resources should increase interest in systema: ic development. 


b) Year-round Access A new all-weather, gravel air etrip has juet 





been completed 3 km. vest of Hurera. This will permit year-round operation 
and acces. to the area in the raíny season so that parts and other critica) 
supplies can be delivered when the river is impassable and the oiu.:r air field 


unuseable. 


c) Proposed Road and Bridge Some consideration is being given to 


financing an all-weather road from Tessani to Hunera, a bridge across the 
Tekeze River, two all-weather roads from Humera to the Angareb River, and one 


access road to Gondar. A final decision is pending. 
2) Constraints 


Some major conetrainte to these developments are: lack of stable mar- 


kets and the rising cost of labor. 


a) Lack of Stable Markets The price per quintal of grain sorghum 





at Asmara plummeted to a new low of $6.60 by April 1, 1968. Even though a 
Humera branch of the Commercial Bank of Ethiopia opened the first half of 
1968, farmers could not borrow money for bags to store graín sorghum on their 
own farms. The drastic drop in price apparently was due to several causes: 

a buaper crop in Sudan in 1968; closing of the Suez Canal and loss of close 
European markete; lack of suitable long-term etorage facilities in the area; 
and sone buyer and money-lender price manipulation. Parmers ineist that 
$4.60/quintal at Asmara is well below their cost of production. About two- 
thirds less sorghum vas planted for the 1968-69 season, and probably twice 
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av much sesane and cocton. The governor-general estíaated 40,000 hectares in 


sorghum and 75,000 to 80,000 hectares in sesame and cotton for 1968. 


b) Rising Cost of Labor Labor cost is becoming a serious problem 


and forcing farmers to seek aore efficient ways of seeding, veeding and 
harvesting crops. Farmers said one of the most critical problens fe the 

need for a sechanical way of harvesting crops, especially sesame, to minimize 
dependence on manual labor. Timing is very important and if cutting is delayed 
more than two weeks past caturíty, the sesane shatters and ia lost on the 


ground. 


Avash Valley Authority 


1) Mechanized Cultivation Practices Trial 


In addition to the work being done by the Awash Valley futhority, long- 
term experiments in the development of cultivation practices using various 
types of implements are being initiated by the Institute of Agricultural 
Research at the Melka Werer Experiment Station. 


Because of the large area involved, it is evident that 
mechanization will have to play a large port in the develop- 
ment of agriculture in the Middle Awash Valley. This is al- 
ready evident not only in the large concession plantations, 
but also in the Awash Valley Au*hority Amibara Settlement ear- 
marked for cropping by holders of small tenances. The degree 
to which mechanization can contribute to economic cropping 
will naturally depend upon the correct choice of equipment 
and ite utilization. 79 


Chicalo Agricultural Development Unit 


1) CADU Machinery Pool Services 


Duríng the 1967/68 year, the Machinery Sectíon of the CADU Kulumsa Seed 


Farm sold nearby farmers the fclloving services: 


Threshing 290 hours at $ 6.00 per hour $ 1,740.00 
Combining 82 hours at $12.00 per hour 984.00 
Plowing 2300 hours at $ 4.80 per hour 11,040.00 
Harrowing 120 hours at $ 4.80 per hour 576.00 
Other 14 hours at § 6.14 per hour 85.96 

Total 2806 hours valued at $14,425.96 





taperial Ethiopian Government, Mechanized Cultivation Practices 
Taial; Project 12; Field 217; Stup: 1-30, (mimeographed) (Addis Ababa: 
Inetitute of Agricultural Research, Melka Werer Research Station). 
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As of April 1, 1969, CADU has sold 301 hours of stationary threshing 
and 135 hours of combining, with services still being rendered. The 1969 


total is expected to exceed previous records considerably. 
2) CADU Inplemente Research Section 


The collection, selection and testing of plows and harrows continues. 
Investigations ín soil preparation by plowing, harroving, field cultivating 
and speciai tillage practices are being intensified. Studies in harvesting, 
threshing, seed cleaning, grain handling and storage also are being carricd 
out. The first progress report was received just ae this report was going 
to prese. It covers results of preliminary studíes to improve transportation 
with better harnesses, carts, wheelbarrows, sleds and other vehicles and 


to reduce storage losses with aírtight insect and rodent proof etorages. ^" 
Kenya Tractor-hice Service 


During the second year of its existence, the Kenya Ministry of Agricul- 
ture Tractor-hire Service operated with a full complement of tractors and 
implements. Additional implements were purchased to permit field investiga- 
tions of the possibility of reducing seedbed preparation coste. Most of 
the work consisted of primary tillage and wheat land planting. About 10 
percent of the time was spent on cotton cultivation plowing and harrowing. 

The success of the Kenya Tractor-hire Service (KTHS) to date has 


stemmed from concentrating on large-scale operations and commercial wheat 


production. Downing saye, “the mere problem of organization and logistics 
for the operation of a mechanization service in smallholder areas makes 
economic operation extremely difficult; and such an endeavor must have other 
than direct economic oer ien. "91 
Kenya i8 an ideal country for operating a contracting service due to 
altitude variction which permits equipment to be utilized virtually all 
year. On the Masai Wheat Scheme, for example, harvesting, seeding and land 
preparation can occur sioultaneously fron 1800 to 2800 meters in elevation. 
The Service performa all work for a flat rate of $5.60 per tractor 
meter-hour. This rate vag calculated to cover coste and to avoid undue 
competition with existing private contractors. The rate appears to be a 
reasonable compromise which avoids underpricing the private contractors. 
The actual costs of oper..tions of $5.43 and $5.15 per hour for the first and 


second year respectively, is based only on earned revenue per tractor-neter 


ie. Karlsson, Preliminary Results of Faun Implement Research. 


8 ; 
“Dounini: op. at. 
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productive hour. Bad debts could cancel the favorable balance or result in 
net losses in future years. So far, the KTHS has been able to operate under 
a system of guaranteed payment. The only default to date has occurred be- 


cause the actual hours vere not verified at the job site. 


Summary of Tvo Years Operations 


In Table IV.10 are listed the expendítures and costs per productive-hour 
for operations conducted during fiscal years 1966 and 1967. A comparison 
shows wages increased by 45 percent, but with a 40 percent increase in tractor 
hours the actual cost per productive-hour increased only slightly. The 
fuel consumption increased slightly but the cost of fuels actually decreased 
with acquisicion of facilities for bulk purchasing the second year. De- 
preciation dropped from 40 percent the first year to 27.5 percent of the 
depreciated value the second year, and will remain constant at that figure 
for the remaining life of the machines. The declining depreciation cost 
should be offset by increasing maintenance cost, as already indicated. 

Miscellaneous costs, including operation of service vehicles, office 
and workshop overhead and pet diem for field staff, show the biggest per- 
centage increase, This was due iainly to the establishment of a field office 
and workshop plus the addition of a full complement of service vehicles. 

Production per tractor-month and per year are shown in Table IV.11. 
While the total hours of operation increased, the productive hours per month 
dropped from 107 to 85 and the productíve tractor-hours per year from 824 to 
772. “This decrease, Downing says, is the result of three factors affecting 
performance: over-reliance on inexperienced field supervisory staff; early 
and prolonged rainfall which delayed work; and political discussions which 


stopped field work for two weeks at the onset of tlie planting EEN 


Evaluation of Equipment for Tropical Conditions 


The KTHS uses standard agricultural tractors and machinery selected 
for durability and performance. All implements except the seed drills have 
met functional field requirements. However, structural and mechanical weak- 
negs has been encountered in both imported and locally manufactured equipment. 
Imported iaplements are designed primarily for land already under cultivation, 
whereas about 90 percent of the work in Kenya has been on previously broken 
lands. Field obstructions are numerous :nd the land surface extremely rough. 
In addition, locally manufactured equipment suffers from lack of engineering 
design and availability of quality materials. 


— — — — —— — — 


S2 bid, 
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TABLE 1V.10 FINANCIAL SUMMARY OF OPERATION OF KENYA TRACTOR- 


HIRE SERVICE 1966-1968 


Total expenditure’ 


Cost per productive hour 





Item 1966/67 1967/68 1967/68 
dollars dollare 

Wagee: 
Staff and operators 31,860 46,650 
Diesel fuel 27,700 31,200 
011 and lubricants e 5,015 
Spare parts and repaire 21,100 35,250 
Miecellaneous 10,920 24,650 
Depreciation? 56,000 55,850 

Total expenditures 147,585 198,615 
Earned revenue 149,500 216,175 
Surplus? 1,915 17,560 
a 


Data abstracted from C.M. Downing, Tractor Hire Service Report and 
Evaluation, Financial Yean 1967/68 (mimeographed) (Nairobi: Ministry 
of Agriculture, 18 October 1968). 


Capital investment for 1966/67 was about $248,500 and for 1967/68 
$213,500 after depreciating old equipment and buying additional imple- 
Dents. 


Included in figure given for diesel fuel. 


Includes operation cost for service vehicles, pet diem, office opera- 
tion and sínilar expenses not chargeable to tractor operation. 


A profit is not anticipated in the long run. The reduction in depre- 
ciation will be offset by increased operating costa. 


TABLE 1V.11 OPERATIONAL SUMMARY FOR KENYA TRACTOR-HIRE 
SERVICE 1966-1968 





1966/67 1967/68 


Tractor Months 
Tractor Houre, total 
Productive Tractor Hours 


Productive Tractor Hours (X) 

Hours per Tractor Month 

Productive Tractor Hours per Month 
Diesel Fuel Used, gallone 

Fuel Consumed per Hour, gallons 


* Data abstracted fron Downing, Tractor Hine Service Report and Evaluation, 
Fanancial year 1967-68, 
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A broader range of equipment is needed and procurement plans include 
trip-beam zoldboard plows, spring-tíne harcous and rotary mowers. These ím- 


plements will increase the flexibility of the unit and quality of work. 
1) Trailed versus Mounted Implemente 


Trailed plows and disk harrows have been found superior to mounted im- 
plements tor cultivation of virgin lande. Trailed implements generally are 
rugged and heavy, factors important in breaking nev land vith disk plovs and 
harrows. Transport of trailed implemence fe a limiting factor; mounted equip- 


ment 1s more convenient for small farmer areas. 
2) Seed Drills 


Seed drills have been a major problenm, being structurally too weak for 
operating on the rough seedbeds obtained the first year. Most seed drille do 
not have sufficient clearance between openers or vertical clearance to cope 
with eurface trash encountered in tropical conditions. This le especially 


true for any type of mulch tillage equipment. 
3) Implement Trailers versus Four-wheel Wagons 


Implecent trailers can be used for hauling bags from the combine, but are 
not economical. For extensive hauling, a S-ton four-wheel bulk trailer would 
be more suitable. One tractor and two trailers could provide the hauling capac- 
ity for two combines by shuttling to the storage, leaving the load and taking 
an emptv back to the field. With a two-wheeled trailer ít is not practical to 
unhitch with a load. Land clearing equipment, crop driers, and seed cleaning 
equipment also are necessary for the continued operation of the wheat schene. 
This equipment must be provided by either the Tractor-hire Service or by in- 


dividual sozieties. 
4) Moldboard Plows 


The second year, six semi-nounted moldboard plows were added to the im- 
plewent pool. The rate of plowing was extended from 0.2 to 0.5 hectares per 
hour up to a maximum of 0.6 hectares per hour by the addition of moldboard 
plows and a one-way disk plow. Downing says, "it is significant to note that 
three 41 co. moldboarde can be handled by the sare tractor as readily as four 
66 co. disk plows under most conditions with a considerable increase in out- 


puc, "82 The disk plow has an effective cutting width of ouly 23 ca. per 





3 rowning, Personal Comunication, op. cit. 
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5) Other Inplemente 


Three new implements vere purchased for trial: a Vicon broadcast seeder 
and fertilizer spreader; a Connor-Shea one-way diek tiller plow; and a Tyne 
seed drill. Three other implements used on a demonstration loan but not 
considered satisfactory were: a Rotensor power-driven disk tiller; a Tur- 
botiller ground-driven rotary cultivator; and a rigid-tine chisel plow. Down- 
ing says, “unfortunately, it has not been possible to conduct thorough field 
trials with new implements but tests to date indicate that mechanical inputs 
can vary considérably. "P^ He enphasizes that field trials must be increascd 
in the interest of efficient mechanization, and recommends that controlled 


trials be continued. 


a) Tyne Cultivator Seed Drill This machine performed very vell 
in cloddy trashy conditions associated with newly-developed land. With 
staggered hoes in four ranke it by-passed trash very effectively. Further 
trials are needed to test the effects of deep placement of seeds planted in 


a dry seedbed prior to the commencement of the rainy season. 


b) Rigid-tine Chisel Plow This is a useful implement capable of 
doing a firet-class tillage job. Downing says, however, "for general work 
under a wide variety of conditions, a spríng-cushion shank is required. Where 
stones and stumps are common, the replacement of shear bolts results ín con- 


siderable delay and inconvenience, "" 
6) Field Capacity 


The plowing rate of ne; lands with a 65 hp. tractor and three to four- 
furrow disk plow has varied from 0.2 to 0.5 hectares per hour; averaging 0.3 
hectares per tractor meter-hour over 4,000 hectares per year. First harroving 
of new lands with 2.3 meter implement vas done at a rate of about 0.8 hectares 
per hour; subsequent harrovings ranged from 1.2 to 1.6 hectares per hour, de- 
pending upon local conditions, for an over-all average of 1.2 hectares per 
hour on 12,000 hectares. With a 3.2 to 3.7 meter seed drill, an average of 
1.35 hectares was covered pet hour. The second year the average plowing out- 
put increased to about 0.37 hectares per hour because of the large percentage 
of stubble plowing versus initial breaking. 

The hours applied to a job are determined by taking the ceter reading 


upon entering and leaving the field. This travel time is not charged. The 


94 bid. 
85! bid. 
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percentage of productive aeter-hours has varied from a lov 60 percent in some 
amall farmer areas to as much as 92 percent in large wheat areas. "Experience 
has shown," Downing says, "that it wouid be difficult to achieve the predicted 
70 percent productive efficiency while working on small holdings." 


7) Cost of Field Operations 


At a fixed charge of $5.60 per meter-hour, the cost of plowing ranges fron 
$11.07 to $27.65 per hectare. First harrowing costs $6.91 and subsequent har- 
rowings $3.46 to $5.19 per hectare while seeding costs $4.15 per hectare. 

The uniform syetem of hourly rates has proven satisfactory. An hourly 
charge is more sínple tu administer and record, especially when working in 
fields of irregular shape and unknown size. Experience has shown that rates 
would have to be varied depending on local conditions. Local commercial con- 
tractors use a varying plowing rate ranging fron $12.10 to $20.75 per hectare 
in the sare locale where the KTHS has operated. These rates correspond favor- 
ably with the KTHS rate. For example, in the Lambue Valley the local rate for 
breaking is $19.00 and at $5.60 per hour the equivalent hourly rate was $19.38 
per hectare. At Meru the local rate is $12.10 per hectare on old arable fields 


and the equívalent hourly rate vorked out to $11.05. 
8) Limitations and Requirements 


Access roadu have been one of the most difficult probleno in working 
throughout undeveloped areas. The lack of roads has contríbuted to high rates 
of machínery breakage und unforeseen delays to disrupt field operation schedules. 
Downing recommends that construccion of farm access roads receive nurber one 
priority in all areas and become a prerequisite to opening new schenes. 

The KTHS made suítable access roads in open country víth disk plows 
and disk harrows at an average cost of $5.23 per km. However, clearing trees, 
removing obstructions, and filling ravines and washes requires a bulldozer; 
and some streans and water drainage ways require a minimum of a concrete crose- 
ing apron. 

More effort must be given to land clearing to facilitate field work. Rains 
hamper seedbed preparation resulting in excessive tim and energy inputs. Tine- 
liness of operations, always difficult to achieve with a contracting service 
remains vital. Delays which carried the work into the rainy season made it 
necessary for the KTHS to fabricate dual wheel attachments for the tractors. 
Dual wheels permitted operation of the tractor whenever it was dry enough for 


the impleaents to work. In the future, Downing says, a greater effort must be 





86) bid. 
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made to take advantage of the dry planting eeason, fncluding the use of a hoe 
drill for deep placement of seed. 

In the KTHS the tractor driver receives a fíxed wage much lover than the 
high salaried contract supervisor. Downing saye, "there exists such a large 
gap between operator and supervisor that there fs no practical mobility.” 
There is also a considerable variance in operators’ ability and interest, but, 
Dowaing reports, "It fe not yet possible, after two years to upgrade operators 
on merit." He recommends a graded syatem up to and including the contract 
supervisor and says this “would certainly provide incentive to increase KTHS 


productivity, "97 


Chana Ministry of Agriculture Tractor-hire Service 


In September and October, 1968, Starnes made a survey of tractor-hire 
pools and workshops in southern and northern Ghana, 8 In the Northern and 
Upper Regions, field records showed 907 motorized units. Physical inspection 
classified only 163 serviceable leaving 78 percent unserviceable. Most of 
the 744 unite down for repair, however, needed parte such as tires, tubes, fan 
belts, water pumps, starters, generators, hydraulic pumps and fuel pumps to 
make them serviceable. In addition, there vas a shortage of oil and fuel 
filters, batteries, gaskets, wheel bearings, and, grease guns. A compar..on 
of the relative efficiency of large-scale farms with the small farmers was 
8uanarized as follows: ‘it fe very strange, and this should give much concern, 
that the emall farmers with 1.41 hectares per farmer cultivate more area per 
head than the large-scale farms with 1.13 hectares per worker in epite of the 
heavy outfit of the stations equipped with tractors and all other types of 
machinery", P? 

In visits to two regional workshops and 16 sub-regional tractor-hire 
pools and service shops, Starnes identified 15 major problems which must be 


overcome to make improvements in the present Ghana Tractor-hire Service: 


l. A shortage of Spare parte, hand tools, shop equiprent and supplies. 


2. A lack of automotive transport cquípment for both supervisory per- 
sonnel and movement of tractors and implements, especta.ly for crawler units. 





Ten. Downing, Evaluation of Farm Machinery Stagg Wage Structure 
(mimeographed) (Nairobi: Ministry of Agriculture, January 1968), p. 4. 


8 
Max Starnes, USAID Machinery Advisor, Accra, Ghana, Personal 
Communications, Noverber, 1968. 


8 — "m 
“Ghana Ministry of Agriculture, statistics of Large-scale, Specialized, 


Institutional, Cooperative, and Young Fanmers"' League Farming and Service 
Stations, 1965 current Agricultural Statistics, 1965, vol. I1/C, (rioeographed) 
(Accra: Division of cconomice and Statistics, 1966). 
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3. A lack of control over ordering, distributing and storing spare . 


parts. 


4. A lack of Storage and local distribution of petroleum oil and lubri- 


cants. 


5. Unserviceable tractors and implements estimated around 70 to 80 per- 


. cent of all units in the field, 

6. Large numbers of surplus drivers without tractors to operate still 
draw full pay. The survey indicated up to 1,200 surplus men with an annual 
payroll of $450,000 to $500,000. 

7. Assignment of tractors to two divisions, increasing personnel, trans- 
portation and procurement problems, and effect the distribution of petroleum 
oil and lubricants. 

8. Shortage of funds to purchase operating Supplies. The MOA has a policy 
that payment must be made in full before work is undertaken. Many large organi- 
zations are not making advanced payments to cover the cost of work requested, 
such as fuel, oil, labor, transport of equipment to the job site, which must 
be paid for monthly. When debts become too large, commercial firms are forced 
to stop supplying until back accounts are settled. 

9. Inadequate tires and tubes. The 1,600 new tires recently received by 
the MOA will equip only 400 tractors and 25 trailers. There are 400 tires for 
Deutz tractors on order which will add another 100 tractors to the operating 
fleet of 300 units already serviceable, for a total of 800 useable tractors, 
However, many of the 300 units now running have tires that are 50 to 80 per- 
cent worn and will not last through another season. 

10. Unbalanced seasonal vork schedule. Agriculture in Ghana 1s generally 
considered the only major activity of a tractor-hire service. Land clearing 
and road construcrion could be liuited to the minor season to balance work 
loads and spread the operations over the entire year. With the development 
of irrigation along rivers and lakes, two or three crops can be grown yearly 
with the aid of lift pumps and land levelers. 

ll. Repair work not scheduled. Repair and service staffs should work the 
year-round with major repairs scheduled during the non-agricultural season. 
Drivers should be required to assist in servicing the tractors and implements, 
and to do any other essential work to improve operational efficiency. Super- 
vision of persunnei on attendance, working and timliness needs improvement. 

12. Lirited source of supply. About 80 percent of all agricultural im- 
plements and tractors in Ghana come from exterior sources. 

13. Pay and salaries of staff. The drivers receive a fixed monthly salary. 
Mechanics are overworked and have little incentive to do good or prompt work. 
One report from the field indicated that mechanics were charging operators a 


fee before they would rcpair their tractors, 
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14. Soil and water conservation. Agricultural engineering specialists 





in soíl and water conservation are needed in the mechanization program. Land 
is being cleared, plowed and cultivated without regard for soil conservation 
practices. Contour lines are not being followed in clearing and farming, and 
soil erosion and water wastage is evident. 

15. Unauthorized work. Field surveys support MOA reports that tractors 
are being used for unauthorized work. In a MOA Transport and Mechanization 
Report for July, 1967 to March, 1968, the area was increased 100 percent for 
"increase in non-recorded acreage". This is land plowed for faroers but not 


officially reporied by the operators and field supervisors. ZU 
Nigeria Mechanical Cultivation 
Tractor Unit Faroe 


As mechanical cultivation units, tractor unit farms have had many tech- 
nical, staff and administrative problems. The soils of some sites selected 
were unsuitable. Also on the accounting side, costs of purchasing, operating 
and repairing machinery have increased rapidly while the value of dry land crops 
remained conotant. The original subsidy for plowing was very high, eventually 
being reduced from 75 to 50 percent. Other problems have been low annual 
utilization, shortness of work season and a limited range of operations. Far- 
mers need additional labor for weeding and harvesting but all laborers are busy 


on their own farne. 


Machinery Hire Depote 


The Ministry of Agriculture established pools of machinery which could be 
hired out to projects or to individual farmers. The Contract Cultivation Ser- 
vices were started in 1950 as government or quasi-governmert agencies with the 
plan they would be taken over eventually by private farmers or cooperatives. 


There are two areas of concern: 
1) Rice Cultivation on fadama 


The soil is too hard for hand-digging in the dry season, and time is too 
short to get the crop in hand after first rains occur. The full cost of con- 
tract work ($20.75 to $28.40 per hectare) vas fully covered. After the land 
was plowed it vas worked by hand. Most farms vete veli planned, favorably 
sited, had good management, a continuity of policy, and were concentrated for 
efficient use of tractors and machinery. Present servic: policies are to 


work near base, control work, collect fees and mininize difficulties. 


JO ames, op. ct. 


2-390 


2) Upland Arable Cropland Cultivation 


Charges are based on area rather than hour tates to benefit the farmer. 
The farmer ie expected to stump and clear his land before cultivation. 

The government should consider the economic advantages ín encouraging 
private and cooperative Contractors, whether they are subsidized or not. Apart 
from assistance in giving favorable loans, governments could engage the services 
of contractors whenever possible, especíally during the off-season. To avoid 
competing with contractors during their formative years, government tractors 
should be withdrawn from areas vhere contracting services are being established 


effectively, 


Complete Faro Mechanization 


In the next decade, complete mechanization probably will be confined to 
estates and plantations producing high-value crops or bulky products such as 
Gugar cane and fiber. Mechanization also will be used increasingly on cattle 
ranches where forage-making and production of livestock feed is not feasible 
without the use of engine-powered machinery. The mechanization of rice and 
wheat may take place but the developient of the land must suit the available 
machinery. The problems of weed control over several rotations, and of har- 
vesting crops with a minimum amount of hand labor must be solved before gov- 
€ernments can establish viable mechanized pilot farms, 

Many of the problems in a central machinery pool have their roots in es- 
tablished government procedures: di ficulty of flexibly alteríng rules to 
meet seasonal or long-term needs; lack of mobility resulting froa housing 
policies and payment of travel allowances; need to protect public funds by 
complex stores and accounting procedures; and the difficulty of paying incen- 


tive bonuses for increased productivity. 


Effect of Cultivation Practices on Yield 
etn Fractices on Yield 


Haynes reported that yield increases from more intensive cultivations are 
not always conclusive, ^? With certain soils and seasons, comparatively aim- 
ple methods of vater conservation can give worthwhile increases in yield. Since 
identical methods give useful ceasures of soil conservation, they should always 
be adopted in suitable circumstances. Haynes Suggeste that tie-ridging alone 
on ridged land may prove to be the only soil conservation measure required on 
sandy soils. He said that other types of cultivation made possible by sechani- 
zation (e.g. deep plowing, sub-soiling) do not appear to give sustained in- 
creased yields. Even extrene treatrents, such as flat versus ridged cultiva- 


tion, have not conclusively reduced or increased yields. 


— 5" 
"!Maynes , Papers on Agricultural Engineering in Northern Nigeria, p. 17. 
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Where mechanization is introluced, therefore, the techniques should be 
chosen on criteria which lead to ioproved yield rather than yield alone (e.a. 
timeliness of operation, weed control, control of erosion, suitability of 
mschines, ease of harvest, etc.) and need not necessarily be the eame for each 
crop. Haynes believes further agronomic tríale of single operatione vill pro- 


badly hinder, rather than advance, mechanization. 


Mechanical Aseletance to Hand Farmerse 





The Bornu Coaplete Tillage Machine developed by Shambaugh can handle 
farmers tillage probleme from prinscy tillage to final weeding of 1.5 meter 
high rov crops. It is a very siaple and rugged machine built from standard 
heavy-duty parte and requires very little maintenance or repairs. Id can be 
used to assia? the hand- áawmeA with hes bottleneck problems on i£ can be used 
to do the complete job, by adding various aftachmenta. It is a machine that 
the farmer or agricultural contractor can grow with as he expands his opera- 
tions. Due to ite versatility and the possibility of adding new attachaents 
it will not becoge obsolete. [t will do practically any tillage job the up- 
land farmer needs at approxinately one third the cost of hired hand labor. 
(Table 1V.12) 


Swell Tractore for Equatorial African Agriculture 


In 4 majority of developed countries with an advanced livestock industry, 
agriculture has progressed in one etep from aniaal power to mediua-size trac- 
tors. This fe a substantial step which involves euch sore than the develop- 
ment and introduction of succeseful tractor-draun iaplenente. It io a social 
ae vell ae a technological revolution and felt beyond farm boundaries. This 
step in considered too great in those Equatorial African countries where in- 
duetrializatiíon with its associated technical education, distribution systems 
and servicing facilities has not progressed very far. As an alternative to 
che establishment of commercial farme, it 1s often suggested that the step 
from wuscle-power to engine-power can be achieved by replacing anímal-pover 


with a easll and inexpeneive tractor. 


Cost of Small versus Lerge Tractore 


A gradual increase ín tractor size is desirable to permit the saall far- 
mers to match power to expanding production, but this ís generally haapered 
by economic and technícal factors. To meet all requirements, euch a tractor 
has to be small and low ín coet; but, unfortunately, small tractore are not 
necessarily inexpensive. Conditions have improved ín the leet decade and 


euch greeter value can be obtained for the small-tractor dollar. Haynes 





Ibid., p. 18. 
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TABLE IV.12 COST OP OPERATION OF BORNU COMPLETE TILLACE MACHINE: 
NZGERIA® 









Cost 
Overhead and dollare/hour doll ho 
Iractor driver cost per hour 0.12 
Iractor costs per hour: 
MF-165 Tractor: Nev cost $3,640.00, 
CIF Nigería 
Estimated life, 5000 hours or five years 0.74 
Repaire 50 percent of cost for 5000 hours 0.36 
Interest on investment @ 10 percent 0.36 
Fuel 3.26 litera per hour 8 $0.193/11ter 0.63 
Engine oil changed at 150 hours 
Grease, estimated }s liters 0.01 
License and insurance @ $126.00 per year 0.12 2.22 
Bornu Complete Tillage Machine Costs per hour: 
New cost $1010.00 CIF, Nigeria 
Estimated life, 15 yeare (15000 hrs.) 0.07 
Repairs, gencral, 1.5 percent per 1000 hours 0.02 
Complete set of earth tools each 500 hours, 0.12 
$61.60 CIF/Nigeria 
Interest on Investoent Q 10 percent, $101.00 
per 1000 hours 0.10 0.31 
Average Total Cost per hour 2.65 
Average Total Cost per hectare 2.15 


Avera pacity 1.2 hectares per hour. 
“Shambau, , Boun Complete Tillage Machine, p. 10. 


compared prices of 7, 30 and 50 hp. tractors in Nigeria in 1964, as shown in 
Table 1v.13.”? In contrast, prices in Ethíopia in 1969 had both decreased for 
the emall tractor and increased for the larger tractors. Part of this change 
is the result of increasing the power of the smaller units and adding more re- 
finemente and features to the larger tractors, along with a general advancement 
in prices of machinery. 

It should be borne in mind in evaluating tractors by size that the small 
utility tractor is usually a simple model, while the larger tractors incorpor- 
ate all the advanced features associat.d with modern farm equipment. In addi- 
tion, prices vary a great deal between makes, engine types, modes of transpor- 
tation and countries of origin. The saall 7 hp. tractor vae a rather sophisti- 


cated Japanese tiller, and the 30 and 50 hp. tractors standard English models 


33 uaynes,, Papers on Agricultural Engineering in Noatheran Nigeria, 
Section IV, Appendix. 
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of Ford and Massey-Ferguson. In Ethiopie, the current prices cover larger 
tractors and some from Eastern Europe. Note the figures shov only general 


trends and no direct comparisons are inplied. 


ABLE IV.13 ESTIMATED COST PER HORSEPOWER FOR DIFFERENT SIZED POWER UNITS 


Approximate Approximate 
Nigeria, 1964 Cost Ethiopia, 1969 Cost 
dollare/hp. dollars/hp. 
7 hp. Small 2-uhee] tractor 12 hp., 4-wheel utility trac- 
(diesel) (Japanese) 114.00 tor (gas) (Self-Helper) 62.50* 
J0 hp. Standard utility 50 hp. Utility tractor 
tractor (diesel) (English) 69.00 (diesel) (Universal) 55.50 
50 hp. Medium-size utility 65 hp. Utility tractor 
tractor (diesel) (English) 46.00 (diesel) (Universal) $2.00 
Massey-Ferguson 73.80 


‘When purchased direct from factory, Waverly, Iova, and including freight 
paid to Addis Ababa, Ethiopia. 

Whether the basis of comparison is price per unit of usable horsepower 
or capital required per hectare, the smaller tractor (when sold and serviced 
by a dealer) is usuelly more expenaive than the larger. Haynea points out 
that: 

This is due in part to the distribution costs which are an 

essential part of the retail price. Government officials 

are vell avare that tractors can be imported through offi- 

cial agencies at far less than the local retail price but 

are aware, also, of the continual stream of complaints fron 

field vorkers about the inadequacy of after-sales service 

for tractors. After-sales servicing, in all its aspects. 

is essentíal if tractors, regardless of size, are to be 

owned by farmers. But where small, cheap tractors fulfill 

the essential requirement of reliability, the sale of spares 

alone will not support the coat of these services and the 


agert has no alternativg,but to write-up the selling price 
of tie tractor iteelf. 


Suitable Designe for Small Tractors 


Even though a small tractor te relatively expensive in proportion to its 
Size, a reliable unit may meet the neede of the emergent power-farmer, since 
his capital outlay is less and he already owns sufficient land. The useful 
power obtainable from a wheeled tractor ia proportional to its weight, and the 
dravbar pull of two-wheeled types is usually too small for normal cultivatione 
with conventional toole such as plows and rídgers. 

Designers have overcome thís problen by applying the pover directly to 
the 3oil-vorking parts with and without separate drive-wheels, and a number of 


variations of the rotary hoe and cultivator have beon produced. Tuey are 


— — — — — — 


Wi bid., p. 14. 
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suitable for use on medium to light soils; and they can perform useful culti- 
vation on heavier soils as indicated in the following test report of a Land- 
master 150 from East Africa. However, small tractors cannot be recomended 
for general use without providing operator training and good supporting ser- 
vices, 

An alternative solution to the limiting factor of weight ie to add the 
driver'e weight to the tractor by letting him ride. This immediately increases 
the weight, complexity and cost of the machine, which must have at least three 
wheels (and preferably four) to remain stable and upright. The size of the 
driving wheele and total weight often becomes the limiting factor in drawbar 
pull. The designer must compromise between efficiency and cost, since a set 
of tires of coderate size can be as expensive as an engine. 

There are many examples of tractors of this type on the American and 
European carkets but the majority (being designed for garden, lawn, and sports 
field maintenance with emall driving wheels and limited pull) are not rugged 
enough for African farm work. Haynes mentions that a large international 
charity several years ago attempted to introduce a special tractor for small 
farmers, but none of the major tractor firms with established distribution, 

l servicing and training networks would accept a contract unless a minimum of 
25,000 were ordered. ?" Smaller firms are prepared to make special machines 
but most lack the capital and facilities to provide essential services. One 
study noted that c basic tractor designed specifically for small farmers in 
Equatorial Africa would cost a farmer in England about $500.00 whereas the 


price quoted in Nigeria vas $900.00, 7° 


Suitability of Small Walking Tractors 


The performance, durability, and suitability of small walking-tractors 
have been tested by a number of governnent testing unite. To dispel the be- 
lief that the small tractor has no place in developing agriculture, the 
following report is presented. 

A test of the Landmaster 150 machine vas made by the Kenya-based machinery 
testing unit EATITU to ascertain the ability of the machine to work in East 
Afrícan conditions ae a rotary cultivator.”” Work was carried out on 39 dif- 
ferent fields at elevations from 1135 to 2515 meters for inter-row and open 


field work under a variety of soil and climatic conditions. The report stated: 





Fanm Implement and Machinery Review, August, 1962, p.1126. 
?éiaynes, Papers on Agricultural Engineering in Northern Nigeria, 
p. 10. A 


?Oglicial Test Report of Landmasten 150 Rotary Cultivator, (East 
African Tractor and laplement Testing Unit, NIAE, in Cooperation with 
Governaents of Kenya, Tanganyika and Uganda). 
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It proved cepable of cultivating down to 23 cm. depth (measured 

from the cultivated soil surface) and the rate of work varied 

from 89 square yards per hour to 1,198 square yards per hour 

(83 to 1,122 square meters per hour]. The fuel coneusption var- 

ied from 14 square yards per pint to 870 square yards per pint 

[23 to 1,720 square meters per liter], and from 1.19 pinte per 

hour te 3.02 pinte per hour (0.57 to 1.43 liters per hour].98 

The general opinion was that the quality of work suited East African 
climatic conditions. African operatore soon became accustomed to controlling 
the machine and, in most conditions, operated it without unnecessary exertion. 
Excellent work was done for seedbed preparation, in row-crops on fairly level 
land or along the contour but, on sloping land, good work vas not always pos- 
sible. There were no breakages or serious distortions during the test. When 
the machine was stripped after the test, it was found to be in good mechanical 
condition except for the flywheel magneto which has since been altered by the 
manufacturer. 

Tested solely as a rotary cultivator the Landmaster 150 machine, in the 
opinion of EATITU, 


has a high rate of work under favorable conditions and is capable 

of producing a good quality of work under most conditions. It is 

reasonably easy to drive and to operate and has adequate power to 

deal with tough conditions at high altitudes. Accurate steering 

is not always possible in rows on sloping land, such as carber 

beds, and special care needs to.be taken when working on bench 

terraces to avoid overturning. 

EATITU concluded that if reasonable precautions cre taken to prevent 
flooding the engine with gasoline, if a clean and correct gas/oil mixture 
is used, and if the air cleaner is regularly cleaned, the machine should prove 
to be suitable for enall farming and specialist work in East Africa. The con- 
struction of the machine appears to be sound and the rate of wear of the blades 
is not very high. A few minor modifications are desirable (which have been 


made). 


An Economic Analysis of Present Farming Systens 


Mechanization as an Analytical Concept 


The concept of mechanization has been construed in terms of three dis- 
tinct categories: hand-, animal-, and engine-powered technology. Agricul- 
tural systems have been similarly classified. The details of Chapter II clear- 
ly demonstrate that dynamic systecs do not fall neatly into these categories, 
nor indeed can the concept of mechanization be classified with such precision. 
Some systems change more rapidly than others. Hand-labor economies appear to 


be relatively static although there is, in certain cases, a gradual movement 


98... 
Ibid. 
39! bid. 
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toward a form of animal-powered technology, as in northern Ghana; research 

and development work on anizal implements ín northern Nigeria will eventually 
affect the local hand-labor econozy. In the Chilalo Avraja of Ethiopia, re- 
search is concentrated simultaneously on both improvements to aninal-powered 
inplements and a gradual introduction of engine-powered technology. Generally, 
there appears to be a trend in economic developnent toward increasing the 
concentration of power on the land. There is, however, evidence that economic 
circumstances in certain areas of eastern Africa render anical power nore 
appropriate than engine power; euch a realization by policy-makers suggesta 
moving toward a policy of more circumspect enployment of economic resources 
rather than retrograde policy-making. 

Engine-powered cortercial agriculture is unlikely to change its system of 
applying agricultural power. However, plantation farming and private entre- 
preneurial farming have many dissimilarities. In Setit-Humera there are ob- 
vious changes needed in the supportive infrastructure. These changes are be- 
yond the economic resources of individual farmers although farrers collective 
appeal could result in necessary action fron the government. 

There are also a number of operatione which cut across the defined systems: 
farmers carrying out contract work with oxen implenents in hand-labor areas, 
(e.g. in northern Ghana), block cultivation tractor schemes in ox-farming areas 
(e.g. in Tanzania), the creation of a tractor-hire service (e.g. in Kenya, 
Chana, and Nigeria). 

Thug, the concept of mechanized agrícultural technology, construed ín 
three distinct categories, when transformed into active processes of econonic 


development, broadens into six manifestations: 


l. Processes of improvement 
a. In hand-povered agriculture. 
b. In animal-powered agriculture. 


c. In engine-povered agriculture. 


2. Processes of transition 
d. Fron hand-povered to animal-powered technology. 
e. From animal-powered to engine-powered technology. 
f. From hand-powered directly to engine-powered technology. 
1ransition can include a reversal of these three processes of transition. 
Change has a normal tendency to move from lees to more sophisticated 
levels of technology and to involve more economic factors. As thcse factors 
are considered separately, it becomes apparent that not all are relevent in 
all the farming systems. When specific mechanization schemes are proposed 


it becomes essential to determine which economic factoro are relevant to 


any particular proposal. 
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Mechanization and Agricultural Systens 


One form of mechanization may be nore appropriate than others to an 
agricultural system. Nevertheless, as a concept of mechanical assistance to 
production, mechanization must be introduced either anto an established system 
0^ appear as a new sysfen, The importance of analysis is to discern: the 
changes likely to occur during the mechanization process and whether these 
changes are likely to be acceptable to the local community; the systems ín 
which the process cay be appropriate; and the factors conducive or inhibitive 
to mechanization. The focus of this section ls to present economic factors 


having an important bearing on agricultural mechanization. 
Appropriateness 


The Tanzanian case of moving from tractor power to oxen illustrates 8p- 
propriateneee of mechanization. Following a careful evaluation of the economic 
situation in certain areas, the Tanzanian government concluded that tractor- 
povered technology vas inappropriate to the current level of developcent and 
reverted to a policy of encouragíng oxen power. Thus, it cannot be assumed 
that there 1s a natural sequence from hand power through animal power to trac- 
tors. Conceivably, there are certain sítuations in which conditions are appro- 
priate for coving directly from hand- into an engine-povered technology and 
still others in which any sift may be inappropriate. 

In view of Ais principle of appropriateness the economic factors of each 
situation must be weigheo carefully before planning a shift of agricultural 
power. Moreover, a more sophisticated form of power cannot always be identi- 
died with a more advanced Level of economic development, There is a case for 
raising the level of power throughout the ogriculture of Equatorial Africa, 
but the optimum Levee of economic development is found in that economy which 
maximizes returns from its available resources. The analytical concept of 
mechanization as a means of increasing the concentration oj power in agricul- 
tural fechnotogy, therefore, can be dissociated from connotations of achieve- 
ment 4n economic development. The concept leads to the conclusion that there 


is an appropríate level of mechanization for any given situation. 
The Systemc: Hand-powered Agriculture 


The three hand-labor economies which have been described have certaín 
sisilarities but they are obviously at different levels of sophistication. 
Agnale village represents a hand-labor system in which the members of the 
village are fully occupied at certain seasone of the annual cycle and there 
is no market econooy for any surplus production while the system provides 
adequately for the basic needs of the people. The Zuarungu district is not 


an area of natural abundance: there is hardship and privation in the area 
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even though available labor is not fully utilized. There are potential mar- 
kets into which this econooy could be articulated. In contrast to Zuarungu, 
the hand-labor economy in northern Nigeria represents an established market 
economy in which available labor is utilized on and off the farm accordíng to 
seasonal demand fluctuations. All three of these cases demonotrate the com- 
plexity of hand-labor systems in the use of avaflable labor and the prolifera- 
tion of crops. 

The scope for mechanization can be exanined at two levels in these areas: 
firat, whether mechanization is possible within the present systen; second, 
whether an outeide system of mechanized agriculture can be introduced into 
the present economy. One of the major factors in the latter consideration is 
uhether aufficient land is available to facilitate the introduction of one, 
or a menber, of new relatively extensive agricultural operationa. If there fe 
already heavy pressure on the land, it is unlíkely that the displacement of a 
well-established population will be received without strong protest. Generally, 
this problem does not exist in Ethiopia and northern Nigeria but ín northeastern 
Chana the population of both people and aninals is quite concentrated; the 
introduction of extensive commercial farming is likely to be facilitated only 
1f population pressure can be relieved. 

Within the present system ín Agnale, aninal-povered agriculture is im- 
possible because of tsetse fly infestation. In the Zuarungu district of 
Ghana crop production is unlikely to be increascd signiticantly without addi- 
tional agricultural inputs of power, fertilizer, and inproved seed. The hand- 
labor economy of northern Nigeria produces for both domestic consumption and 
the local market; the community is socially well-organized; the pattern of 
farming ie a complex integrated system of many crops. There is a degree of 
market articulation between consusers and producere; 32.97 percent of available 
labor on the farm is spent in non-farm occupations, and 1.93 percent in working 
on other farms. Regular cash exchange occurs (o^ both wages and for goods; a 
commercial cconomy already exists in northern Nigeria which can facilitate gut- 
ure development. 


The Systems: Animal-powered Agriculture 


Three cases in which animal-powered technology predominates have been 
considered. The Chilalo Awraja case in Ethiopia was developed in detail; ob- 
servations on the work of the Christian Service Committee in northern Ghana 
and on the Tanzanian experience with anical- and engine-powered agriculture 
have provided supplementary information. 

The Chütato Amaja area is ina state of transition, a condition having 
an important bearing on present attitudes of the community toward agricultural 


innovation; change is not regarded with suspicion. This attitude can be 
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associated with the population composition, many of the present population's 
forebeare migrated into the area from nearby Con province. New attitudes 

of the earlier migrant generation have been perpetuated throu;^ to the pre- 
sent; with appropriate stimuli such an economy can be quickly modernized., An 
increasing number of opportunities can be used for introduction and adaptation 
of appropriate forms of mechanized technology. 

The Christian Service Committee performs a coordinating function between 
the various branches of the church's miestonary work in Chana. Its technolog- 
ical undertakings are the principal interest for this Study. The agricultural 
missionaries have developed a number of tools and pieces of equipment suitable 
to local conditions. Also, short training courses are organized for the local 
farming community, One objective of thie missionary endeavor in to assist 
local farmers in re-establishing skills with animal-powered equipment. 

In Tanzania tractor farming has proved inappropriate for many areas. 

Oxen cultívation is now encouraged by creating facilities for farmers to obtain 
animal-powered equipment and instruction in íta use, and to establish properly 
equipped research and development centers. Tractors may contínue to be used, 
but active encouragement is given only where scale and management make then 


appropriate. 
The Systems: Engine-powered Agriculture 


Engine-povered systems of agriculture have been considered under the 
broad categories of settlements, tractor-hire services, and large-scale 
commercial enterprises. These divisions are maintained in this discussion. 

In the category of settlement schemes, the focus of operation tends to- 
vard socíal objectíves of settling and changing the vay of life of a group 
of people. The operation is expected to be economically sound but with less 
eaphasis on profit than in comercial operations. In the Middle Awash Settle- 
ment Schene there are two important contributions to its possible success. 
The first fe the economic basis on which the scheme is operating, and the 
second is the technical and socio-economic problems of actually organizing 
the settlement. Because the first is favorable in the form of adequate mar- 
ket deaand for good quality cotton, the operation economically is possible, 

Tractor-hire services closely parallel the function of the block fame in 
Tanzania, classified as a settlement scheme, in that engine power is made avail- 
able to farcers operating in a hand- or animal-powered system. The success of 
both tractor-híre schemes and block farms, usually subsidized by the government, 
depends on management and operational skills closely coordinated through sound 
planning. Where schemes are deficient in these elemente, the records of opera- 
tion have been discouraging. 


Io the category of large-scale enterprises, there are soue similarities 
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in the commercial operations of Tendaho Plantations and the individual far- 
mers in the Setit-Humera region. Both represent business organizations es- 
tablished for profit; failure to make adequate profite would, in the long run, 
lead to foreclosure. Similarly both areas vere undeveloped before the enter- 
prises vere established; neither operation is completely mechanized, indeed 
there is substantial dependence on local hand labor. 

The potential increase in production of cheap food grain (eorghum) close 

to an area of substantial food deficit, the production of an important export 
crop (sesame), and a ready domestic market for cotton are all factors which 
contribute to the significant econosic potential of the Setit-Humera area. 
The technological sygtem has been already established, but there is sone fear 
that local initiative might be stifled as production íncreases and market pri- 
cea tend to fall. The basíc need is for development of an infrastructure coo- 
patible with potential levels of production so that production costs can be 


reduced og prices decline, 109 


Economic Factors 


The fundamental economic factors involved in the systems are those in- 
volved directly in the production function. The method and proportions with 
which these factors are combined are determined by the type of technology em- 
ployed and the skills of the individuals in the role of managenent. Technology 
introduces power into the system in the form of “ne of the levels of aechani- 
zation. Other agricultural inpute are introduced ‘nto the production function 
as appropriate to the established level of mechanization. These other inputs 
can function ae substitutes or complements for other factors of production. 

As the level of power becozes increasingly sophisticated, a higher level of 
modern agricultural inputs becomes necessary to raíoe productivity sufficiently 
to compensate for rising costs of production. This modernization process ne- 
quires the faruner to have higher Levels of both available capital resources 

and achievement in management skills. 


100 
"Since domestic supply of basic food grains has recently been an in- 
portant problem for Ethiopia, and particularly in the highland north, 
the area has already made an important contribution with its sorghua. 
Agricultural progrese in such a country is hardly compatible with 
local staple grain prices twice or more world levels. The large 
supply of sorghum, with its lowered price, should be taken as an 
Opportunity, through efforts to reduce production and traneport costs, 
to provide low price staple grain to our food deficit areas, encourag- 
ing possible feeding of livestock, and, hopefully, to develop export 
markete." 
Imperial Ethiopian Governsent, Report of the Survey Mission on the 
Agricultural Development of Setit-Humera, p. 34. 
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Factors of Production 
1) Land 


In the cases of agricultural eystens in Africa, land is not generally 
8 scarce factor of production. Thus, production can be expanded readily by 
increasing the area under cultivation where appropriate technology and manage- 
ment skille are available, and where surplus production can be absorbed by the 
economy. Where land is scarce such as the Zuarungu district, increasing pro- 
ductivity fe possible only by increasing the use of modern inputs which eubati- 
tute for the scarce factor. Certain modern inputs may eliminate the problem 
of land scarcity by controlling disease vectors responsible for land's being 
uninhabitable. 

There are certain sociological factors which cause land to be scarce. 
Village agriculture in northern Nigeria exemplifies this situation: farm 
families are concentrated in villages which limits land for cultivation to 
the maximum daily walking distance. To cultivate core land under the present 
sociological structure would necessitate establishment of new villages in i:n- 
cultivated areas or the adoption of living in isolated homes located on the 
faros; such a proceey may be inhibited by strong sociological ties between 
the potential pioneer farmer and his family already established in the ways of 
village life. 

Even where land is not scarce, the marginel costs of clearing and pre- 
paring new land for cultivation should be evaluated. where these costs are 
heavy, improving the productivity of land already under cultivation aay prove 


less costly, and, therefore, a more cconomical proposition than land clearance. 
2) Labor 


Labor is generally underenployed in African agriculture although in each 
of the hand-labor economies seasonal labor shortages have been demonstrated. 
Some “form of appropriate mechanical assistance is needed to remove these 
bottlenecks. The case of tbe Tanzanian block farm schene demonstrates how 
this can be achieved but the result is a ahift in bottlenecks from the cul- 
tivating to the harvesting season. 

In the animal-povered syetem of the Chilalo Awraja in Ethiopia hired labor 
is fully utilized only during the plowing season. In improving the established 
system the farmer must give increasing attention £o marginal decisions : whether 
ANCRCALS in productivity warrant increasing the number of hired workers, and 
preserving more of his aun Lime fon management functions. 

The cases of engine-powered syscems show no problems of labor scarcity. 
Labor is available as required for the Tendaho Plantations, for the private 
farmers of the Setit-Humera area, and for the Middle Awash Vailey Settlement. 


However, the source of labor is an important consideration. For the Tendaho 
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Plantations highland workers move into the area after their oun work on small 
family farms has been completed. Workers who supplement the settled labor on 
the Middle Avash Settlement also come fron similar circumstances. Thus, in 
planning such operations it is essential to take into account the normal coa- 
mitments of the labor supply to the family farm and to avoid conflicting with 
these. 

In the case of private farmers in the Setit-Humera area the supply of 
labor causes competition between farmers to hire workers in preparation for 
the sesame harvesting on a seasonal basis to insure adequate labor during peak 
times. Migrant workers are avare of the situation and have organized them- 


selve» into bargaining groupe. 
3) Capital 


Each of the cases under consideration demonstrates a critical shortage 
of capital. In the hand-labor economies a major consideration is whether any 
potential for capital formation exists. In the system represented by Agnale 
village, the economy is almost completely non-monctized and there are few 
natural resources available to make any toole. The Zuarungu district operates 
at a slightly higher level of econonic sophistication, although still a non- 
monetary economy; the scope for small tool manufacture ia only slightly better 
than at Agnale. In northern Nigeria where a monetary econony is established, 
a higher level of specialization in skills has developed; local blacksmiths 
make small tools which are purchased for money. 

The slowness of capital formation is demonstrated in these cases. Credit 
facilities could enhance the ability of such economies to improve the quality 
and quantity of agricultural tools. However, the establiskment of Auch gac- 
ilities must be accompanied by suctable facilities to repay indebtedness. Re- 
payment say be arranged in kind or in cash out fackure £o include some provi- 
sion for increased productivity to offset increased indebtedness Leads to a 
chronic state of debt. 

The management of Tendaho Plantations is anxious to reap the benefite of 
potential economies of scale. An increase ín the supply of capital raised by 
both public subscription and the Ethiopian investment agencies would facilitate 
the enlarger.ent of operations. A commercial concern usually can expand pro- 
vided the case for expansíon is economically sound. Thus, at each increnent 
of expansion the Plantatione' management is obliged to justify ite size of 
operation to the stock holders. 

Scarcity of credit is a major constraint for the farmers of Setit-Humera. 
The prime need fa for operating capital to ease the seasonal indebtedness 
which throws many farmers into debt with the agricultural merchants who are 


in a strategic position and are fínancially able to stoce produce, thereby 
benefitting from market fluctuations. 
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Th.ce is a stron, case for improving credit facilities in all agricultural 
systeus. In each case the cost of credit must be met out of agricultural pro- 
ductios, but only for large commercial operators is the credit probles con- 
eidered soluble because adequate evidence of profitability :an usually pro- 
vide an adequate case to raise additional funds. Where the operation of small, 
or even quite large, private farme is uncoordinated, the critical need for cre- 
dit facilities can quickly throw the system into a situation of chronic debt, 
because ot either inadequate levels of productivity or extortionate interest 
rates. The gítuation can be alleviated by government ínstitutions providing 
and controlling credit facilities. However, such institutions must take a 
realistic view of the rural sector of the economy. The types of collateral and 
conditions of borrowing which can be accommodated by rural operators are differ- 
ent from those existing in the urban sectors with which banks generally appear 


core famil‘ar. 
Other Economic Considerations 
1) Managecent 


Agricultural production ís impossible without sone level of supervision. 
The individual farmer manages factors in the production function in a coordin- 
ated system in part determined by technology, and in part determining the level 
of technology which can be enployed. As the level of technology increases the 
necessary skills of management becone correspondingly more sophisticated, the 
farmer must shift his function from being a producer of power in the hand-power 
systems to a director of power in the engine-powered systems. 

In the hand-labor economies the decision-making processes of management 
are largely the responsibility of traditional leaders. In Agnale basic opera- 
tional decisions are made by the council of village elders. Decision-making 
in the cases of Zuarungu and northern Nigeria is based on the family group, 
in which the leader ie the most senior male member of the family. 

Decision-making increases in sophistication as the system is more com- 
pletely integrated into a market system, Farmers in the Chilalo Awraja of 
Ethiopia sell produce and buy many agricultural inputs. Moet farmers are 
small-scale managere. Technical knowledge is learned generally from the pre- 
vious generation; the level of literacy for Chilalo is 7.4 percent of the 
population, Ul Thus the dissemination of information is not easy, although 
a good extension service is being developed. Many farmers are willing to 


accept thís nev form of local leadership. 
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e Imperial Ethiopian Government, Report on a Survey of Anuséèi Province, 
P. . 
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The competence of a Local extension service 44 extremely important where 
any foam of improved mechanization is considered in an area with a generally 
Low Level of education, Well-trained extension agente can fill serious gaps 
in the technical knowledge of farvore <4 the agents are accepted by the local 
Community. 

Setit-Huzera showa the need for a good extension service to assist in 
local fam management. In this area, management is generally extensively 
applied to both crops and equipment, but farmers are not obtaíning the best 
use of their equipment; maintenance 1g poor and there are fev technícal ser- 
vices. No data are available for average operating hours for tractors; a de- 
precíation rate of at least 20 percent per annum has been used in zost cal- 
culations. More intensive Banagement should lead to better veed control (one 
major problea), inprovesent of yielde, and higher performance fron equipment. 
General educational standards among the farmers are lov and good extension 
services vould play an important role in faproving the Prosperity of the area. 

The objective of the Awash Valley Authority is to provide intensive nanage- 
ment by vell-traíned and experienced individuals willing to live on the Ami- 
bara Plains. Managers maintain strict Control over all settlerent operations. 

Management of the Tendaho Plantations fs intensive with both expatriate 
and Ethiopian personnel. Monthly cost accounting quíckly reveals short tero 
flaws in the operation and careful management control (e maintained. Conse- 
quently, operating hours for Cractors are high and, with increasing experience, 
operational capacities have been improved annually. 

The importance of management skille cannot be overemphasized in Lhe 
operation of tracton-hine SCAVLCLS. The equipment is expensive and requires 
Skills in its deployment and maintenance to avoid uneconomical use. 

The block farm schene ezployed sophisticated machinery in an area where 
farmers vere unfamiliar with such a level of cechanization but the extension 
service personnel for this high level achere uas unable to provide eutticient, 
in eíther numbers or skill, to operate the schere efficiently. Even with e 
large extension staff, the schere affected only one percent of all farmere 


in the srea, 
2) Innovation and Entrepreneurship 


Innovation is essential to economic development and is functionally close 
to entrepreneurship in that innovatíons usually are introduced into an agri- 
cultural system by entrepreneurg, although not all entrepreneurs are innovators. 
Thís interrelationship 1s borne out in the hand-labor econonies; where entre- 
preneurial activities are an insignificant part of the system all recent inno- 
vations have been introduced by external agencies. 

In the Agnale arca innovations say be quite unsophisticated but their 


2-405 


effects are far reaching. The local people are generally willing to follow the 
suggestions of innovating missionaries. More innovation may come from a recent 
large influx of Nuer refugees from the Sudan who are largely cattle herders. 
Having moved into an area of cultivation they may create innovations in adapting 
to this new envíronment. 

New developments in the Zuarungu area are largely the responsibility of 
the extension service. In an area of small farmere, extension officers can 
promote the use of more modern eege If the area develops surplus pro- 
duction, innovations will be necessary in marketing excess production or usine 
it for livestock feeding. 

The Christian Service Committee also is in the position of local innovator 
in northeastern Ghana. The encouragerent gíven to local farmers to use oxen 
has led to local entrepreneurship being established in the form of custom work 
by oxen owners. 

Local innovation in northern Nigcria is likely to be put into practice by 
research and development agencies in the area such as the Industrial Develop- 
ment Center and the Institute for Agricultural Research, The socio-economic 
effect of building a trucking road to link a number of small villages to Zaria 
is under study by the Rural Economy Research Unit. These villages now have 
Ready access to a substantial year round market except in the wet season; this 
innovation originated from a proposal from the Institute for Agricultural Re- 
search. 

In the case of Chilalo Avraja, most gignificant innovations ín the area 
have been introduced by CADU workers. There are a few local entrepreneurs who 
may act as catalysts in the area. Some tvelve farmers ovn tractors and two of 
these have large farms of over 200 hectares. In the more sophisticated systems, 
innovation is an integral part of entrepreneurial activities. The conception 
of the Tendaho Plantations and its development as a going concern is largely 
the work of expatriate management. Innovation is a frequent occurrence es- 
pecially in the operation of machinery and equipment. Not all executive and 
management staff are expatriate and the inclusion of Ethiopian employees is 
encouraged at these levels. Innovation becomes a joint effort of field, execu- 
tive, and administrative managers. 

Innovators a: the Setil-Humera area are Uie.pacvate entreprencur farmers, 
many of whom have not known more traditional ways of farming. These farmere 
are willing both to experiment with new techniques and to follow advice fron 
more experienced farmers. However, the lack of any permanent títles to land 


tends to inhibit innovative land inproverents. 


102 me "Focus and Concentrate" Program sponsored by USAID/Chana has 


enlisted the cooperation of a number of local farmers to demonstrate the 
results of fertilizer and improved seeds during the 1968/69 season. 
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Innovation and entrepreneurial activities are divided in the Middle Avash 
Settlement since executive and field management are pliysically separate. Most 
individuals in the entrepreneurial functions live in Addis Ababa, an arrange- 
ment which tends to inhibit a quick appreciation of the schene's imnediate pro- 
blems. At the settlement, attempts of local management staff to innovate are 


often frustrated by a mediocre labor force. 
3) Economies of Scale 


The size of operation has an important bearing on the level of agricul- 
tural production ín all systems. In the hand-labor economies there is little 
evidence of economies of scale in the present studies. However, these cases 
have to be considered in the context of potential change. The introduction of 
improved hand tools or appropriate anizal-powered equipment may facilitate the 
cultivation of larger areas and through economies of scale, lead to signifi- 
cant increases in productivity and employment levels. 

The Chilalo Avraja case exenplifics a fairly well-developed animal-povered 
systen. Farms are small with a degree of fragmentation which inhibits an easy 
shift into engine-powered technoiogy. At small-scale levels of operation the 
cost appropriate innovations in mechanization are animal-powercd improvements. 
In this way the farmers keep costs of operation low while improving fam pro- 
ductivity and incozes. 

The problem of a satisfactory size of plot for engine-powered technology 
is overcoce in settlement schemes by amalgamation of family plots for culti- 
vation. Sore diseconomies occur however. Despite the layout of land in large 
blocks, each family has its allocated arca, and not all fanilies are equally 
responsible. In the Middle Awash Settlecent, outside labor is employed on 
seriously neglected plots; the cost is charged to the scheme and the respon- 
sible family penalized on a point system. 

Size of operation is important in plantation farming. Costs of establish- 
ment and operation are spread over a large volume of production. The large 
size of Tendaho Plantations also facilitates the operation of a ginnery, and 
cotton lint 1s sold for approximately three times the market price of unginned 
cotton. Further economies could be realized by bulk transportation to Assab 
and to Addis Ababa. 

The Setit-liurcra area hes obvious potential for economies of scale. Since 
land has not been fragmented into small holdings and there are no permanent 
titles to the land, amalgamation and farm reorganization should be an easy 
possibility. With such large holdings, a vide range of agricultural equipment 
is economically appropriate. However, there is a basic lack of infrastructure 


that inhibits full realization of these economies of scale. 
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4) Infrastructure 


Economic anfgrastructure must be expanded £o accommodate programs of econo- 

mic development in different areas, otherwise the programs will be stifled. 

At present no economic infrastructure existe to serve the Agnale village area 

of Ethiopia with the exception of the mission school which includes some courses 
related to local agriculture. This area of the curriculum may be developed 

in the future. Recently, there have been discussions among the community 
leaders about forming a credit cooperative . Instruction, extension, and 

credit facilities are necessary elements of infrasturcture to facilitate signi- 
ficant improvements in the existing systen. At Gambela there are warehouses 
and a quay which served the area when trade with Sudan flourished, an air strip, 
police services and a school. The infrastructure íg inadequate, however, for 
compercial development of the area until effective communications with a market 
can be established. 

In the Zuarungu area of northeastern Ghana, except for the lack of cre- 
dit and inadequate echools, sufficient infrastructure already exists to support 
the market econony. If oxen power becones established in the area, a training 
school for oxen and farmers will becoae essential and extension voikers will 
also have to become skilled in ox-farning techniques. 

In the hand-labor economy of northern Nigeria there is a general inade- 
quacy of infrastructure to facilitate the introduction of improved mc.nanized 
technology. Feeder roads are lackíng, although the main highway system 1s 
good. Both Zaria and Kano are on railways linking northern and southern 
Nigeria, but road connections with the south are poor. 

In order to introduce animal-powered technology into the hand-labor 
economy, it will be necessary to establish training institutes for extension 
workers, farmers and animals. Credit facilities at present are inadequate to 
facilitate the purchase of such equiprent. 

In the Middle Awash Settlerent in Ethiopia roads are generally inadequate 
for development in the inmediate vicinity although the main highway to the 
market 1s adequate once the cotton has been hauled out of the immediate develop- 
ment ares. The financial underwriting of the settlement is covered through 
the Imperial Ethiopian Covernnent. The scheme is being exnanded quite grad- 
ually according to the availability of funde. 

An important elerent of infrastructure for the development «£ the Middle 
Awash exists in the research station at Melka Werer which has significantly 
assisted the overall development of the area. The Station had accumulated a 
fund of local technical knowledge before the gsettlezent vas established, and 
continues to experiment with crops, crop varieties and cultivation techniques. 


The size of the Tendaho operation and the availability of capital through 
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its co-sponsors have facilitated the creation of much vital infrastructure, 
The road to tie main highway is not good at present, but the company and the 
local government authorities have a common interest in improving this sítua- 
tion. 

Both operating and fixed capital are raised through the parent company 
and the Ethiopian Investment Corporation Share Company. The eupply of capital 
16 adequate but acts as a major constraínt ou expansion. More rapid expan- 
aion to the full concession of 10,000 hectares would allou the economies of 
scale to be exploited more effe-tively. 

Experimentation is important in devetopment o( new techniques and dis- 
semination of technical knowledge. Tendaho Plantations conducts experimental 
Work on a small scale. The work, begun recently, has progressed rapidly since 
the appointment of an agronomist. Experimental work on variety and fertilizer 
trials, and on alternative cultivation techniques as well as the possibility 
of groving alternative crops, may have on izportant influence on development 
of both the plantations and general farming in the area. 

As the surrounding economy adjusts to this large-scale operation, nev 
Opportunities develop for local entrepreneurs to establish service depots 
to serve small enterprises in the area. At present Tendaho workshops service 
a number of locally-owned tractors. This work could be taken over in the 
future by a local service depot with ite main source of income from work done 
for the Plantations. Tendaho has enough equipaent to justify a supply and 
service depot's being established in the area by one of the main agricultural 
machinery companies. In this way 8 local base could be established for re- 
pairs, service and supply of mechanized equipment. 

The Setit-Humera case in Ethiopia exemplifies an area in which private re- 
Sources are no Longer adequate to maintain rapid development. Outside sources 
of capital ere required by farmers especially for operating capital. Most 
farmers gee this to be their major problem which has resulted ina general 
position of indebtedness, The larger entrepreneurs are able to avoid heavy 
debt by transporting their produce to Aszara where better prices can be ob- 
tained and reguler bank credit is nvailable, 

Transport and handling charges are high in proportion to profite. 10? 
Produce cust be handled twice or even three times because of the absence of 
a bridge over the Tekaze River and feeder roads ín the area are inadequate. 

All technical services to the area are inadequate. The Ministry of 
Agriculture is in the process of establishíng an experimental farn at Humera. 


With the dearth of technical knowledge, there is need for auch experimental 





aperia Ethiopian Government, Report og the Survey Mission on the 
Agricultural Development Of Setit-Humera, pp. 38-39, 
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work and extension service technical information. Only one service depot 
existe in the area for tractors from at least twelve different manufacturers. 
Insect attack is serious and an effective serial spray service is necessary 
for the area to remain in cotton production. For those farmers with adequate 


supplies of capital, pest control fs the single most important problem. 
5) Impact on the Local Econony 


The introduction and development of infrastructure to facilitate nechani- 
zed technology has a far reaching effect on the local tconomy. For this 
reagon, the development of an extensive infrastructure becomes an important 
catalyst in the proximate local econony. 

The Middle Awash Settlement has an important influence over local far- 
merg. Although there are no small farmers growing cotton in the area, there 
are private farmers with sbustantial concessions of land who can make use- 
ful comparisons between their own methods and those of the settlement. Further- 
more, the settlerent has its ovn repair and service workshops, and recent 
plans include the establishment of a tractor service depot at the small village 
of Awash Station. There are nov sufficient tractors in the area to warrant 
an equipment depot of a comercial dealer. Such a development is likely to 
accelerate the use of engine-powered equipment on the Amibara Plains in the 
future. 

The first season of the Middle Awash Settlement amounted to an experi- 
mental period of considerable assistance in planning subsequent development. 
This performed the function of a pilot project by which experience already 
gained at Melka Werer Experiment Statton was put into practice, 10^ 

The Christian Service Comaittee in Ghana influences the loc1l economy 
through demonstrations, training and experimentation. Courses are related 
to immediate local problems and are taught through redia designed for illiterate 
farmers. Experiments also are conducted on the small farm to test new crops, 
crop varieties, and different cultivation techniques. 

The impact of Tendaho Plantatione on the local economy is far reaching 
in the aspects of infrastructure already discussed. In addition, the train- 
ing potential fe significant. The local workshop training school prepares 
mechanice and drivers for work at Tendaho and adds to the local supply of 
technically-trained individuals. Well-educated local pcople are in management 


positions at Tendaho. Several of these individuals after leaving employment 





10 me development of pilot schemes should obviously be a founding prin- 
ciple of settlecent schemes which seems to be seldom adhered to in practice. 

J. Arthur Lewis, "Some Thoughts on Land Settlement", Carl K. Eicher and 
Lawrence W. Witt (eds.), Agriculture in Economic Pevelepment (New York: 
McGraw-Hill Book Company, 1964), pp. 299-310. 
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with the Tendaho Plantations have become farmers themselves. This potential 
for developing indigenous entrepreneurial talent moving out into smaller far- 
ming operations 45 important. 

On the othcr hand, the demonstration effect of such a large-ecale opera- 
tion as Tendaho on already established small farmers with no experience out- 
side the traditional agriculture is probably insignificant since such a scale 
of operation is so far reaoved from any possible form of production that the 
local farmers may hope to practice. Thus, small farmers in the locality of 
Tendaho are unlikely to consider any technical emulations. However, the abil- 
ity of small farvers to earn a relatively substantial cash income during the 
cotton picking season is an important factor in undergirding the traditional 
sector of the econooy with prospects of a reliable source for an annual cash 
income. Small farrers now have cash to pay for secede, fertilizers and taxes 
and, with a reliable cash income, are in a better financial position to con- 


eider purchasing improved inputs. 
6) Level of Employcent 


Both the cases of T.ndaho Plantations and Setíit-liusera demonstrate the 
facility of large-scale agricultural systems, which use engine power only in 
part of the production process, to employ large numbers of hand laborere. Data 
on the distribution of labor employment on Tendaho Plantations presented in 
Table 11.42 indicate that the number of workers reaches a peak around 7,000 
at the height of the picking season, and there are over 300 permanent employces. 
The fluctuation in labor requirements is met by enploying daily workers from 
the surrounding híghland areas. Since cotton is not grovn on the highland 
faras, there is little conflict with labor denands on their own farce. The 
annual wage bill alone amounts to over $360,000, a substantial monetary boost 
“where, until eight years ago, there were no employment opportunities. 

In Setit-Humera, with approximately 170,000 hectares of land under cul- 
tivation, there is a tremendous build-up of migrant labor. From the end of 
June through February there is an influx of some 60,000 workers from the sur- 
rounding communities. The area under cultivation is roughly 10 tines larger 
than Tendaho Plantations and the employment level roughly ten tinee greater, 
thus, cultivation in the Setit-Numera area is much less intensive. 

The main source of labor for the Middle Awash Settlement is from settler 
fanilies. The Afars are given much encouragement although the scheme could 
not function without superior migrant workers whose numbers probably never ex- 
ceed 500. 


7) New Commerical Enterprises 


Allusion has already been made to the facility of commercial enterprises 


to stimulate the development of economic infrastructure. Large-scale entenpiises 
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command sufficient resources to play an important part in the initial economic 
development of a new area, In the hand-labor economies, commercial enterprises, 
particularly in conjunction with carefully planned government development pro- 
grams, can help significantly in the introduction of an improved mechanized 
technology. 

The agricultural potential of the Agnale region of Ethiopia is good, but 
experimental work will be necessary. There is much swamp which, with proper 
water control, could produce rice and cotton. Maize and sorghum grow well in 
the area and citrus fruits have good potential. A commercial operation in the 
area could exploit these economic potentials, and the local people could provide 
a reservoir of hand labor. Such an approach would gradually draw local people 
into a cash economy. As part of the total development program of the area, im- 
proving the local subsistence economy can continue as a function of missionary 
endeavor or be taken over by appropriate government services. 

In the Zuarungu area of Ghana a few large commercial enterprises have been 
established: a meat-packing factory, a tomato-packing factory, a gravel and 
brick factory. These organizations can form the basis to expand market facili- 
ties for the small farm economy. Enterprises which use large areas of land can- 
not be accommodated in the area until pest control is undertaken to release 
more land for agricultural purposes. 

In northern Nigeria cattle-raising enterprises could be developed in 
the nearby range country to augment the incomes and stimulate meat production 
from the Fulani herds, 105 Surplus grain crop production might be encouraged, 
where additional land is available, or by raising agricultural productivity in 


heavily populated areas, as a source of supplemental feed for the Fulani cattle. 
8) The Market 


The introduction of appropriate mechanized technology into agricultural 
systems necessitates finding an economic outlet for resultant increases in pro- 
duction. Therefore, export potential is an essential factor in considering the 
ability of any system to support mechanization schemes. 

In considering export potential from an area, a distinction must be drawn 
between production for a domestic market and production for the world market. 
The effective demand of a potential domestic market may frequently prove in- 
adequate to support a proposed mechanization scheme. On the other hand, the 
economic vagaries, along with the demand fon already established standards of 


quality found in the world market may render this an extremely difficult mar- 
` ket to enter. 





105 Sonn H. McCoy, "Modernizing the Northern Beef Industry," Consortium 
for the Study of Nigerian Rural Development, Nigerian Rural Development, Re- 
port No. 7, (mímeographed) (papers presented at the East Lansing Conference, 
Michigan State University East Lansing, Michigan, 1-2 May 1967), Section H. ` 
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The current lack of any adequate infrastructure in the Agnale area, and 
its remoteness from any large markets, make commercial operations impossible 
unless infrastructure can be developed with or without government cooperation. 
It fa unlikely that the agricultural potentials of this area can be exploited 
siaply by icproving the existing systema. An alternative possibility fe pro- 
ducing certain high-value fruite, fish products, aad skius through establishing 
cooperatives. 

In the Zuarungu area of Ghana, beef fed on increased production of grain 
is a possibility but this will necessitate the development of commercial stock 
feeding. In the present social context, an independent commercial enterprise 
could develop this potential more readily than attezpting to encourage small 
farmere to take an interest in etock rearing. Moreover, this possibility will 
only be feasible vhen substantial increases in the supply cf land are made 
available through control of tsetse and black fly infestation. 

The key source of income and growth for the upper four northern states 
of Nigeria is eege "Nigeria fs the world's largest exporter of 
groundnuts . . . . The prospects are reasonably good for Nigeria to triple 
groundnut production over the 1970-1985 period . . a In order to exploit 
fully the exporting of groundnute from northern Nigeria, much attention nust 
be given to guide the production, processing, and exportation of the crop. 

The program which the Consortium for the Study of Nigerian Rural Development 
(CSNRD) recommenda is to encourage production among a few farmers, concentrating 
on fertilizer use. Encouragement to expand production by raising producer pri- 
ces is expected to lead to a substantial increase in the use of fertilizer, 
draft animals, and land under cultivation, ! 0? Thie approach would have a pro- 
found effect on the hand-labor economy of the area but infrastructure of all 
kinds will be necessary to realize the potential in this export crop. 

Exports and imports of Arussí Province of Ethiopia (in which the Chilalo 
Avraja ie located) are approximately equal; exporting wheat, barley, fruit 
and vegetables; and faporting Zeit, maize, sugar and a few minor crop pro- 
duce, 10? The grain crops for export could be developed but because of a 


sufficiency of grain crops in Ethiopia, the establishment of grain consuming 
enterprises is more desirable. CADU organizers are working on the possibility 


of developing beef and nilk production. 


O céneore tim for the Study of Nigerian Rural Development, For the Busy 
Administrator: CSNRD'S Main Recommendations and a Summary of 1ta Research Re- 
sults Preliminary Draft (mimeographed) (East Lansing: Michigan State Univer- 
sity, January, 1969), pp. 26-7. 


107 bid., p. 26. 
108 bid., p. 27. 


12311110 G. Eichberger, Food Production and Utilization in Ethiopia, E.C. 
1958 (xiceographed) (Addis Ababa: USAID/Ethiopia, May, 1968), p. 21. 
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The Middle Awash Settlement will market ginnod cotton ín Addie Ababa in 
the 1969/70 season.  Amíbara cotton is of sufficiently high quality to warrant 
export but sources of average quality cotton first nuet be established to 
eupply the national textile industry. 

All produce from the Tendaho Plantations is exported from the area and 
cotton seed is cxported from the country. Exportation to the world market 
of cotton lint from Tendaho probably will increase because of its high quality 
despite the readily available domestic market. This potential to export onto 
the world market is especially significant for developing countries which have 
to import substantial quanticies of agricultural machinery. 

Sesaze ia the high-valuc export crop produced in the Setit-Humera area 
and sorghun is an important food grain. Much sesame ie exported from the 
country; only 15 percent of sorghum remains in the area. Cotton from Setit- 
Humera tends to be inferior to cres grown in other areae of the country but 
can be utilized ín the Ethíopían textile industry, thereby releasing superior 
cotton to the vorld market. 

Exploiting the export potential of the national econony is only one safe- 
guard for programs which expand agricultural production. The nature of demand 
for the produce is another major consideration. Farm production is generally 
valued either in forms of local average market prices or imputed prices have 
been used to reflect seasonal fluctuations. An estimate of demand clasticities 
is also necessary if accurate estimates of income changes are to be computed 
before the implementation of mechanization programs. Agricultural production 
is very susceptible to the problems associated with inelastic demand curves, 
illustrated by the 1968 fall in prices for grain sorghum from the Setit-Humera 
area. (The situation vas aggravated by the closure of the Suez Canal.) 

The process of mechanizing agricultural technology involves a shift in 
the structure of farmers production coste. This lift must be met by the 
market returna and must be accommodated in fanmers" expectations of both 
market price and totalt saleable output. Farm income may be changed by a ehife 
in the diveraification of production but it is essential that planners estimate 
the probable effect on agricultural income of a planned expansion in agricul- 
tural production. Farmers, in the same situation and with some notion of local 
market conditions, may conceive their own estimates. If there is a significant 
divergence between the estimates of planners and those of farmers, the scheme 


may fall into serious difficulties of implementation. 
Level and Scope for Mechanization 


In the Agnale village economy it is only possible to consider mechaniza- 
tion in terms of hand-povered tools. If eome articulation with a market economy 


can be developed, then small engíne-povered tools may become appropriate. The 
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present level of tsetse fly infestation makes animal-powered mechanization 
impossible. Tools presently in use are unsophisticated, and only by im- 
proving hand tools it is possible to improve labor productivity. The local 
agricultural missionary estimates that labor productivity can be doubled by 
improved hand tools. Such improvements are likely to increase the leisure of 
the workers unless an outlet can be found for additional production. New crop 
varieties also lead to increases in production. Some sort of compromise will 
have to be reached between increasing productivity of land and labor, the dis- 
Posal of surplus, and the creation of greater periods of leisure time. 

“ In the Zuarungu vicinity of northeastern Ghana a significant increase 
in farm power is required and may be obtainable through the development of 
mixed farming. The extension service of the Ministry of Agriculture and the 
Christian Service Committee are separate agencies working with local farmers 
to encourage the adoption of animal-powered technology. At present, however, 
the inadequate supply of draft animals, a general prejudice against working 
with cattle, and the small average size of farms inhibit the development of 


mixed farming. 
In northern Nigeria, adequate labor is available and apparently there is 


no pressing need to increase the level of agricultural production. The 
reasons for crop failure are generally climatic rather than economic. Although 
the surplus of food crop production is seldom large, the bulk of exported crops 
is produced on a large number of small farms. The risk of food crop failure 
is hedged against by growing a wide variety of produce in a mixed cropping 
system, Many different crops and mixed cropping are two features of the sys- 
tem which ere inimical to mechanization with either the animal- or engine- 
powered tools, For cultivation with equipment more sophisticated than hand 
tools, intividuak crops must be grown in separate areas; thus under the pre- 
sent crop practices, the scope gor improved mechanization mst remain at the 
hand-£oo£ Level. 

There are, however, in northern Nigeria a large number of mixed farms 
which use animal pow2r. Laurent estimates over 36,000 such farms exist in 
this area, 112 In addition, useful research in developing and testing new ani- 
mal equipment and techniques of cultivation is in progress at the Industrial 
Development Center, Maiduguri. The use of ridges may be open to re-examination 


in the light of new developments in animal implements. 





110, aurent, op. Cit., p. 235. 


recent evidence suggests that the cultivation on ridges is less pro- 
tective against erosion than flat cultivation. It is necessary to continuously 
reappraise established systems of tillage in the light of new technical know- 
ledge. Another example of this continual necessity for experimentation is the 
development of minimum tillage techniques in East Africa after many years of 
cultivation by the disk plow practiced by European settlers. 
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Thus, the dissemination of agricultural technology enploying aninal 
power in northern Nigeria is feasible with the present level of accumulated 
technical knowledge and the presence of advisory workers in the area. However, 
the averags farm size (2.36 hectares) and the degree of fragmentation will 
have to be modified before oxen power is economically feasible. A land market 
existe so that a``algamation and enlargerent is not an impossibility. However, 
incentives to produce marketable surpluses aust be continually reassessed so 
thet raising productivity through faproved mechanization remains attractive 
to the small farmer. 

The Zuarungu area of Ghana is essentially a hand-labur econony. The 
level of animal power currently encouraged by the government does not seen 
appropriate to this area for a number of reasons: the officially preferred 
tools are too large for local oxen to pull; the local average farm ie enaller 
than the opticus sfze which has been suggested for oxen cultivation (an average 
of 4.05-6.07 hectares to make an oxen team worthwhile contrasted with an aver- 
age of 3.23 hectares per farm); the area ís already heavily populated and 
heavy draft animale cannot be supported even if the local people could afford 
to buy them (which is unlikely); the disinclination of the Kusasi people to 
take care of oxen in a manner appropriate for draft animals. 

Tests with aniaal power are being conducted to meet local problems. 

Ae farcere shw interest, they are encouraged and given adequate instruction 
in new techniques with their own animale without any attempt to discourage 
che use of the heavier and sophisticated animal-povered equipment sponsored 
officially. With local population pressure, sone investigations into the 
possibility of using small engine-powered hand equipment is needed. Such a 
fors of mechanization could relieve progressive farmere o: the necessity: to 
house and feed extra draft animals and still increase mechanical assistance. 
However, serious disadvantages also emerge in considering the use of this 
type of engine power: repair and maintenance services become necessary; the 
farmcra become involved ín higher cost structures; the level of sophistication 
may move beyond the farner's comprehension. 

Ox-povered farming hae generally proved adequate for domestic needs of 
the Chílalo Avraja area of Ethiopia. However, many obvíous economies can be 
derived from improvements to animal implcmente. Local farmers are also showing 
increasing interest in engine-powered cultivation and are either willing to 
hire tractor services or seeking ways to own tractors. The possibility of 
engine-powered technology, however, involves the principle of appropriateness. 
Such technology greatly increases both the productive capability of thc far- 
mer and the totel cost structure of the farm. In order to make the use of 
tractor power economical, the level of production must increase sufficiently 


to meet the increase in costs. Yields can be increased by varietal improve- 
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ments, fertilizer application, and the better cultivation practices facilita- 
ted by the engine-powered equipment. 

As the farmer employs core sophisticated power in hie farm organization, 
the rudimentary market also must be capable of expansion tc accommodate a 
new level of production. Fanm structure must be sufficiently glexible, through 
amalgamation and consolidation of fragments, to facilitate the use of improved 
animal implements or tractor power. Otherwise, the farm system cannot adjust 
to enable production to accomodate the new cost structure. 

In the Middle Awash Settlement engine power is employed in early clearing, 
cultivation and irrigation pumping. Until hand labor becomes more expensive, 
che other operations are unlikely to be mechanized. The settlement area offers 
scope for large-scale testing of tools and cultivation techniques for which 
the Melka Werer Experiment Station can provide the necessary facilities. 

Mechanized operations similar to those of the Middle Avash Settlenent 
exist on the Tendaho Plantations and in the Setit-Humera area. Engine pover 
ineures timely and satisfactory cultivation and a well-established crop. The 
systems are already established and there is scope for improvement of operations 
and in reaping the benefit of potential economics of scale. lt íis unlikely 
that other operations will be nechanized unless neu bottlenecks in the pro- 
ductive procesg energe. The present level of available hand labor and the 
employment capacity of Tendaho Plantations, drawing large numbers of people 
into the money economy, suggests that more extensive cechanization would be 
inappropriate. A system of tillage using the wide one-way diek has been de- 
veloped by the farmers on Setit-Humera, but there is no evidence that this is 
the most appropriate form of cultivation. Mechanization is l..ely to develop 
as individual farzers find new implements necessary, and manufacturers are 
able to bring them into the area along with appropriate services. Testing 
equipment brought into the area could be an important function of the experi- 
mental farm but the individual farser looks to the government to provide such 
a service. The ehift in total annual costs of production fe an inportant con- 
sideration in agricultural mechanization. For the small farmer using oxen, 
the total annual costs for fanm paver are maintained at a low level, relative 
Lo engine-powered technology. In addition, the farmer using oxen is not re- 
quired to be as highly skilled in managezent abiliti; his repair bills and 
cash payuents are relatively lov; oxen provide canure and ultimately meat; and 
a team of oxen can be divided into two units. On the other hand, compared 
with tracotrs, oxen tend to be slov; timeliness becomes more difficult, and 
the health of the animal bears directly on its ability to work. Thus the 
Low total costs of production associated with oxen paver ang generally accom- 
panied by Lower productivity. 
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Associated Social Factors 


The social sys.cm of the Agnale village area consists of small isolated 
village communities. Isolation is not physical since local villagers come into 
frequent contact with each other; but there exists a mutual mistrust among the 
communities tending to l.rep them apart. Marriage betveen individuals of dif- 
ferent villages takes place, but otherwise there are few interests outside one's 
own village. Innovators can vork with relative ease with the members of sepa- 
rate villages. In the future, outside commercial enterpríses may attempt to 
operate in the area on the assumption that local hand labor can be hired from 
the villages, but first this attitude of isolation, and sometimes kostiliiy, 
must be overcome. 

The social structure in the Northern and Upper Regions of Ghana is op: 
posed of separate compounds; the concept of a village cocmunity does ncc exist. 
Individual members of each compound are not isolated from neighboring conpounde 
and, there is considerable association and mutual assistance between compounds. 
Thus, it is possible for extension workers to operate fairly freeiy with groups 
of farwere representing a fairly wide area. 

Sociological probleme emerge, however, from suspicion between farmere when 
one, or some, appear to be prospering compared to the general performance of 
farmers in the area. Extension workers hive found themselves involved in con- 
flicts arising out of this situation after having selected some of the better 
farvers ae models for demonstrations. 

Developing the area by using commercial enterprises as economic catalysts 
will probably lead to core socíological problems, associated with the híre of 
labor. The ties of the land are strong in these areas of Ghana and for cer- 
tain indíviduals to make the transition to the status of landless laborer is 
culturally difficult. 

The Lntrod tion of tractors into the agricultural technology of an area 
has an important influence on the pattem of enployment. One tractor requires 
the services of a driver, mechanic, clerk, assistant driver, and storekeeper. 
Employment of oxen involves Less proliferation in employment but the important 
aspect of the shift (^om oxen £o tractor power is the concomitant shift 4n 
employment (^om uneducated £o educated skills. The effect in the short run 
can lead to additional unemployment of rural workers accompanied by a scarcity 
of educated rural workers. In the longer run, with the education of rural 
young people, euch a shift may offer attractive rurel employment to educated 
rural youths and mitigate the problen of migration to the cities. 

The objectives of the Middle Awash Settlement will eventually lead to a 
dramatic modificetion of the Afars' mode of living. This will not be an easy 
task but there are sociological pressures on the Afars in this region which 


make conditions more favorable to change than in other parts of Ethiopia. An 
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important principle of settlement emphasized be Levis has been adhered to in 
thís scheme; ^? there must be no large capital expenditure on dwellings for 
the settlers. Here, the villages consist of traditional Afar houses. The 

place for settleoent seems to be right, since the Amibara Plains has not been 
previsouly settled, and no local prejudices exist against sectling there, 1? 

Social tensions between Afar and highland people have been kept to a nini- 
mum although the obvious superiority in the quality of work done by highlanders 
has led to a certain amount of jealousy on the part of the Afars, 

The key to the social problems of settlement in this area appears to be 
whether the Afare are willing to accept the advantages that accompany a cash 
income. Against these advantages are disadvantages of conflicting loyalties: 
between their former nomadic way of living with the controls of traditional 
leadership on the one hand; and the new vay of living within the framework of 
the nodern econoay with its accompanying economic controls on the other. 

The egtablishment of the Tendaho Plantations in a relatively isolated part 
of the country has initiated a number of socio-economic problems. The major 
problem is associated with the establishzent and expansion of a local community 
of workere in the village of Dubte. The rapid expansion of these comaunities 
has created difficulties in accommodation, sanitation, civil administration, 
and domestic supplirs. These are problems which are not the responsibility 
of a commercial organization and yet cannot be ignored. The social organiza- 
tion of these temporary villages may have to become the joint responsibility 
of the local administration and Tendaho Pleutations. 

In addition to this problem created by the workers, the Plentationse' 
authorities have had to be very dípionatic with Afar leaders. Although the 
cultivated area is a land concessíon, Afar herds and flocks have always been 
grazed in these areas. So far, grievances have been settled through amicable 
negotiations with the Sultan. 

There is one overriding sociological factor which has to be taken into 
account ín all programs of economic development in Equatorial Africa: the 
precedence of family Loyalties. In the social milieu of Equatorial African 
civilization, individual loyalties to the family and the local community have 
taken precedence for many generations. This acts ss an economic and social 
security for the family and the local community. Such attitudes remain vith 
the individual even when he moves away from the socíal environment of his par- 
ences or ancestors. 

The demands of the modern econory come into conflict with these attitudes 


of social loyalty. The market economy demands a form of loyalty between the 


12, euis, op. cit., p. 302. 


113 bid., p. 300, 
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parties in a contractual relationship; the administration of business and gov- 
ernment demand individual identification with the rational precepts on which the 
institution is founded. In the final analysis, individual attitudes necessary 
for the successful operation of modern economica units at present are frequently 
in conflict with individual social attitudes and, for thie reason, many apparent- 
ly economically well-founded operations fail to realize their potential. Such 
attitudes may well change in time as several generations of Africans who under- 
stand the function of rational precepts in society, are able to build into their 
own social system generally acceptable provisions for economic and social secu- 
rity. Until such changes take place any program of economic development in 
Equatorial Africa must give recognition to the fact that the final loyalties of 
most involved individuals have terms of reference which lie outside the immediate 
ramifications of the program. Given such recognition, the realization that per- 
sonal objectives are not identifiable completely with the objectives of a devel- 
opment program should not cone as a surprise to planners. Rather, personal 
objectives should be recognized as Legitimate factors to be taken into account 
4n drawing up development programs. 
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CHAPTER V 


INTRODUCTION OF IMPROVED TECHNOLOGY AND POWER 
INTO PRESENT FARMING SYSTEMS 


Introduction: Regional Cooperation and 


Increased Facilities for Production 


The materials in this final chapter are arranged sinilarly to Chapter IV. 
Ihe general engineering and technical aspects of introducing improved tech- 
nology and power into present farming systems are given first consideration; 
factors which favor the different levels of mechanization and transition from 
one form to another have been drawn together in the fourth subdivision of che 
chapter. An econoaic appraisal of major considerations to be taken into 
account when introducing new technology into a farming system concludes the 


chapter. 
Regíonal Cooperation 


Throughout Equatorial Africa much thought and attention is being gíven to 
the problems of introducing improved tools, faplements, power uníts and tech- 
niques into developing agriculture. Two areas of focus are regional coopera- 
tion and increased facilities for production. 

In East Africa a Specialists Coasittee on Agricultural Machinery ceets 
every other year to exchange ideas and to coordinate research, education, 
manufacturing, testing, development and application prograna aimed at solving 
common problems in the mechanization of agriculture. The areas most often 
mentioned as needing attention are: training of operators and farmers; selec- 
tive and rational approaches to mechanization; adaptive research on practical 
fam problems; greater support by governments and agricultural extension ser- 
vices in demonstrating and promoting improved cultivation practices; increased 
emphasis on maintenance, spare parts and eupporting services; more realistic 
and accurate cost analyses; improved efficiency in management; and the need 
for better planning, organization and evaluation of mechanization projecte 
and training programs. 

An overall approach is essential for all groups engaged in research, 
extension, education and itdustry to assist the emall farmer to become a core 
efficient producer. The Etst African Agricultural and Forestry Research Or- 
ganization has a full time staff member assigned to work with Kenya, Tanzania 
and Uganda in promoting and coordinating activitice related to agricultural 
mechanizacion. With formation of the new East African Community and the 
application of Ethiopia, Zambia, Somalia and other countries to join, there 
is hope that regional cooperation will increane. 

In vestern Africa groups are working separately on problems of aechani- 


zation in their respective countries; but little regional cooperation exists 
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at this time. 

In Nigeria, an associatton of Agricultural Engineers has been meeting 
annually since 1963 to discuss progress and developments in animal- and engíne- 
pouered agriculture. Meetings are sponsored jointly by the Institute for 
Agricultural Research, Ahmadu Bello University at Samarc and the Ministry 
of Agriculture, Northern Nigeria, Kaduna. The new International Institute for 
Tropical Agriculture at Ibadan, sponsored by the Ford ana Rockefeller Foun- 
dations, provides a base for a greatly expanded program of African regional 
cooperation and development. 

In Ghana, the first Agricultural Mechantzation Seminar was held in 
November, 1964, and a second mecting was held in January, 1969, to review 
the many problems and opportunities facing the government's mechanization 
program and tractor-hire service, both of which need sound business and eco- 
nomic bases. 

In Senegal, the Banbey Centre for Agronomic Research has conducted exten- 
sive studies on animal-povered tecl.iiques and equipment and has assisted the 
government agricultural populerizers in putting research recommendations into 
effect on famers' fields. They have also helped the SISCOMA factory to pro- 
duce implements suitable to farners' needs. 

In Ivory Coest, a government-owned but privately-operated organization 
called Motoragri has been given the responsibility of developing agriculture 
and rural communities. A large part of ite work is land-clearing for cooner- 
cial crops and construction of roads, dams and víllages. It also conducta a 
regular tractor-hire service for seasonal agricultural operations to assist 
both small and larger farmers. It works closely with the Ministry of Agri- 
culture and the Institute for Research in Tropical Agriculture (IRAT) to 
develop hígh potential land and to introduce improved practices, techniques 


and íoplements to farnere. 
Increased Facilities for Production 


Considerable investment has been made to faprove means of production in 
each of the Equatorial African countries covered in this Study. Not all 
investments have been wisely undertaken or effectively carried out. A fev 
have fulfilled the hopes of the planners. Two which have been very successful, 
the Motoragri operation in lvory.Coast and the Narosurra Fam Mechanization 
Training Scheme in Kenya, will be revieved briefly. 

A great deal has been learned, but in general the small farmer has not 
yet benefited in proportion to the cffort and money expended. While non- 
African commercial farms have accounted for most of the past investment in 
power systems for production, the smaller African farmers are now beginning 


to demand access to improved machinery and training, either through direct 
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acquisition or service rendered by gcvernment and private contractors. 

Levellyn-Jones stated that in 1967 approximately 3,000 tractors and 
associatcd equipment hx! been buld in the private sector of East Africa, with 
a monetary investment of between 10 and 11 million dollars.) Currently, 
about 30 percent of neu tractors sold in Kenya are purchased by Africans. 
Because the Government of Tanzania terminated the tractor-hire service formerly 
offered through the cooperatives (230 tractors in the Western Region were 
sold to farzers in October, 1968), most of the tractors purchased froa now on 
will be privately owned. In Ethiopía there has been a large increase in the 
purchase of tractors by prívate farmers; only a fev have been acquired by 
government organizations. Sales of farm tractors juxped from less than 100 
each year prior to 1965, to 172 wheel tractore in 1965; 449 in 1966; 405 in 
1967; and to over 500 in 1968.7 

In Nigeria, sales of tractors and machinery has been stalenated since the 
development of the Biafran situation, but a big boom is expected when the con- 
flict ends. The government also hopes to sell some of ita Ministry of Agri- 
culture tractors to private farmers and farm contractors. 

In Ghana, the Ministry of Agriculture te putting the last of its wheel 
cractors, purchased from Czechoslovakia before 1966, into operation in the 
tractor-hire service. A few private farmers, cooperatives, and plantations 
are beginning to purchase tractors, but the economy is still unsettled and 
finances tight. 

In thie chapter several examples will show different approaches to the 
problem of introducing agricultural mechanization to Equatortal African 


nations. 


Hand-powered Sys tens 


Improve Hand-powered Agriculture and Make the 
Cultivator-owner a More Efficient Producer 


Utilize Extra Available Labor and Better Hand Toole to Make Improvements in 
SSS ER VEDEN in 
Land and Physical Facilities 


1. Non-monetary investments in human thought and effort can go a long 
way toward raísing land productivity and increasing its value. Clcaring land 
of bushes, trees, stones and stunps will permit continuous cultivation. Hand 
tools used with proper planning, guidance and encouragenent can accomplish 


much despite low cash investment. 





Minutes 06 a Meeting of Specialist Committee on Agricultural Machinery 
Held at Northern Research Centre, Tenguru, Arusha, Tanzania, October, 1967. 


“Major farm machinery dealere, Addis Ababa, Ethiopia, Personal 
Communications, October, 1968. 
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2. The farmer can re-fom or shape land surfaces to conserve water, 
prevent erosion and ease tillage by: removing rocks, stones, roots and other 
obstacles; leveling land to spread water more evenly, reduce vet spots, and 
eliminats dry areas; building terraces and laying contour stríps to minimize 
water and soil loss; lengthening and shaping fields for more efficient use 
of tools and reduce frequent turning; developing basic water reaources, 
springs, ponds or small ircigation canals to store, conserve, improve or 
control water movement. 

3. Any limited capital and credit available should be used for short- 
term investments in improved varieties of seeds, fertilizer, pesticides and 


geed treatment. 


Adopt Improved Indigenous Equipment to Make Bettcr Use of Existing Hand Power 


1. If the adoption of improved tools coincides with adoption of improved 
cultivation practices and production inputs such as sced, fungicides, innocu- 
lants, fertilizers and pesticides, a major advance can be nade. 

2. Improved hand equipment must be made available and its use must be 
skillfully encouraged and directed. 

3. Model farcers can be chosen to demonstrate ~ccommended practices, 
toola ond techniques to neighbors and friends. 

4. Farmers should be encouraged to take "art ín adult training programs 
on how to select, make and maintain improved tools; users must learn how to 
handle tools and make adjustments; furthermore, they must develop constructive 


work habits. 


Hire Development and Productive Services Using Improved Tools and Increased 
Power to Expand Operations and to Perform Tasks Impossible by Hand 


1. Where ox teams can be hired, animal power can do pre-harvest work, 
help out in time of peak labor demand, or permit cultivation of available 
land which cannot be worked by hand. 

2. Where a tractor-hire service is available and dependable, it can 
be utilized to make capital improvements, or to perform primary tillage or 
difficult operations. 

3. Hiring rather than ownership fe desirable, initially, to keep avail- 
able cash for working capital. 

A, Use may be made of ahort- and cediun-term credit to advance the 
level of technical input while the capacity for repayment can be improved 


by crop insurance, price stabilizatiun and market developaent. 


Encourage Farners to Purchase Inproved Hand Tools and Hire Development Services 
to Overcome Labor and Management Bottlenecks to Increase Productíon Efficiency 


1. Intensification of labor and land is reached by owning simple, basic 
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labor-saving and froduction-increaeing tools such as weeders, sprayers, 
threshera, decorticators. 

2. When marketing opportunities and financíal resources permit additional 
production, services and tools can be hired to supplement the farmer's oun 
System for: periodic deep plowing to turn under a heavy crop residue or green 
manure cover crop, or to control weeds; occasional plowing and harrowing 
to prepare land in tine for optioum planting dates; a one-time investment in 
contour levees to improve field layout, water control and soil conservation; 

a stationary-povered thresher. 

3. The hand farmer should make further improvements when markets, capital 
accumulation, credit service, land availability and training make it possible. 
Then he can invest in higher-capacity power tools, such ae a pair of oxen 
and animal-drawn equipment or a small tractor and attachzents, ín addition to 
other non-mechanical production inputs. 

siot Farmers to Purchase Improved Animal-powered or Engine-povered Tools at 


the Propor Stage of Devclopment to Intensif Farm erations, to Expand 
erations, to Perform Contract Work for Others, to Make Major Farm Improve- 


mente, or to Join in Group Development 

l. The degree of success in utilizing improved tools will depend heavily 
upon the availability of trained and experienced people to advise, direct, 
service and taintain recommended tools and implenents. 

2. The government and private enterprise should encourage the develop- 
ment of proper facilities and staff to service and supply improved tools, 
machines and power units. 

3. The national and local extension and soil conservation services 
should help farmers to develop full land use and a water control system based 
on a survey of the complete water shed to determine how water can be stored 
and distributed, how surface run-off can be controlled, how drainage can be 


improved and how irrigaticrn can be developed. 


Improve Performance of Productive Farn Operations to Increase the Effictency 


of the Total Farming System 

Productive farm operations can be improved when the market ie adequate 
by: 

1. Using more power and bigger tools to speed up work for more timely 
Operations; 

2. Inteneifying labor and management inpute on individual holdings; 

3. Maximizing the usc of basic agricultural resources with increased 
power and improved tools; 

4. Reducing labor input 1f wages rise by maintaining a high standard 
of tool operation and maintenance; 

5. Hiring increased power and improved tools when they are needed and 
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available to eupplement indigenous or farmer-owned tools and labor; 

6. Selecting those tools which bring the largest return and have mul- 
tiple use; 

7. Timing the application of productive tools to obtain the maximun 
bencfit from increased inputs, to lower overall costs and to reduce unit costs 
of production, 

8. Mastering field adjustments of toole for efficient operation; 

9. Properly naintaining tools to keep idleness and down-tine to a mini- 
mum, and to increase field efficiency; 

10. Selecting and using tools which give the greatest production control 


with low investment and operational cost. 


Assist Farmers with Limited Cash Resources by Selected Govcrnrent Programs 


1. Where purchasing power of a farmer ig extremely limited he is at a 
great disadvantage 1f he must pay transportation charges, government excise 
taxes or duty and carry his depreciation costs. 

2. A different approach is needed to bring the development and production 
tools basic to advanced technology within reach of individual farmers. Govern- 
ments, therefore, should consider the -dvantages of sharing the financial 
burden of the small farmer with a supervised credit program; providing essen- 
tial technical and practical direction through a capable and adequately sup- 
ported agricultural rescarch and extension programs; providing a good farm-to- 
market road network and communication system to Support an incentive-producing 
marketing program; and allowing improved agricultural equipment to enter the 


country free of duty and import taxes. 


Remedy Excessive Land Fragmentation through Social and Educational Action 


Covernnents8 should: 

l. Encourage the establishnent of small local business and shops to 
create alternative jobs in industry and reduce land pressure, 

2. Assist in legally expediting land rationalization and consolidation 
through education and due process of law; 

3. Help establish production cooperatives and encourage joint enterprise 
combinations to foster cooperation among famers; 

A. Teach agriculture in the secondary achools to help develop a more 


professional image of scientific agriculture. 
Improve Prohlen Land Presently Unfit for Agriculture 


Where new land suitable for expanding current production methods is 


not available, marginal lande can be improved and gradually brought into 
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useful production by joint effort of farmers and government services. ? 
1) First Stage 


Using simple local tools the faroer can clear land of brush and trees on 
rough, swampy or sloping land; establish improved pastures for livestock; 
fence herds out of cultivated lands; construct silage pits to provide dry- 


8cason feed for livestock." 
2) Second Stage 


Using larger and more expensive earth-moving machinery, the farmer is 
assisted by specialized contractors to provide underground drainage to climi- 
nate wet spots; develop irrigation facilities for specific crop production: 
contour and ditch to control surface drainage fron scasonal rains; construct 
farm ponds or reservoirs for water supply; and construct bench- or broad- 
base terraces." 

A list of factors which favor the continuance of hand-povered agriculture 
is included in this chapter ín the section following the discussion of the 


three farming systems. 


Animal-powercd Systems 


Introducing, Inproving and Expanding Animal-powered Agriculture 


Few officials of governments realize the tremendous effort, organization, 
and human resources that are needed, along with physical facílities and in- 
puts for any intensive program ained at accelerating the development of the 


agricultural sector of their economies. As Hapgood and his colleagues state, 


The need for adaptive research and experimentation out- 
side the biological field is not yet well understood by those 
responsible for agricultural programs in the underdeveloped 
countries . . . They should conduct pilot schemes and test 
the adaptability of ideas elsewhere for their own complex of 
local conditions . . . Viable solutions for a particular region 
can be found only by adaptive experiments in that region with 
careful evaluation to test the results. An important dilemna 
ig... a great many things need to be done to make modern 
agriculture work . . . and while many of these things require, 
for their successful performance, administrative and organi- 
zational attention from all levels of government, the hunan 
resources available to perform all these functions are 





While relatively slow and ineffective, hand and animal toole can be 
made of local materials which are inexpensive and simple; advanced tools are 
expensive and generally more economically run by government services or 
contractors. 


“Cochiatie; op. Cit., pp. 54 and 35 (adapted). 
$ D 
Ibid. 
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exceedingly limited, and if too much is attempted at once, 
nothing will be done vell. 


. « 5. Productivity will, ae a rule, increase core rapidly 

if resources are concentrated on limited regions and... 

possibly on limited numbers of people . . . Frequently 

those most likely successfully to adopt a package of 

inpute and practices yielding much higher returne will 

be those who have had some experience of success in the 

past and more than average resources to risk on ‘future’ 

innovations . . . 

In developing countries, agriculture is confronted with the urgency to 
create, from the farmer to the Minister of Agriculture, an attitude of experí- 
mentation, testing and trial, continued innovation and adaptation of new 
ideas. Both huran and physical inputs are needed. The optimum package «a 
one that makes maximum use of on site available resources and provides the 
beat compromise between potential results and the Ukelihood of success fur 
promotion and effective adoption of improved practices and inputs. 

Improved tools and increased power give the farmer greater control over 
his production environment and make possible new forms of cultivation. Re- 
search must find profitable and acceptable alternatives to traditional prac- 
tices. As Hapgood emphasizes, "sustained growth in agriculture depends on 
. + « 8 broad-based research and educational system . . . responsive to the 


needa of rural society." 
Senegal as an Example of Agricultural Intensification 


An exanple of a program to accelerate and intensify agricultural produc- 
tion by introducing a package of inputs, including improved animal power and 
implementu, is described by Bour for Senegal.” Recognizing the great effort 
involved, the need for adaptive research, the importance of an able extension 
service and the long-term nature of agricultural change, Senegal set up a 


ryatematic, carefully integrated and Supported program. Bour states that, 


6p. Hapgood (ed.), Policies for Promoting Agricultural Developments, 
Report of a Conference on Paoductivaty and Innovation in Agriculture in 
the Underdeveloped Cowrtries (Cambridge: Center for International 
Studies, Massachusetts Institute of Technology, January, 1965), p. 23. 


JIbid., p. 26. 
Bibid., p. 98. 


Te, Bour, Definition of Intensive Agricultural Exploitation (Abidjan, 
Ivory Coast: Conference on Agricultural Research Priorities for Ecr omic 


de in Africa, Institut de Recherches Agrononiques Tropics’ | April, 
1 » p. 6. 
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Research must also keep in mind psychological factors 
* e » in order to pick solutions that have a chance of being 
applied. I£ 45 absolutely necessary that a system (o^ por- 
ulanizing the results be studied along with and parallel to 
the research endeavor 60 that the research can ultimate y 
lead to the transformation of the working habits of farmers 
4n an entire area, 10 


Production of Millet and Groundnuta in Senegal 


A 8cheme of progressive improvement vas planned to change gradually the 
traditional agriculture into a market-oriented 6ysten. Different levels of 
progress were defined which could be reached by most farzers without costly 
investments or effort out of proportion to the increased return. On a geo- 
graphic area of about four million hectares, the situation in Senegal in 1963 


was as follows: 
Average farn size under cultivation: 3 to à hectares; 
Average groundnut yield: 910 kg. per hectare; 
Average millet yield: 460 kg. per hectare; 
Fertilizer consumption: little for groundnuts, none for millet; 


Animal traction: used on 50 percent of groundnut farms, not at all 
millet farms. 


Agricultural Research Program and Results 


At this tine, the government of Senegal decided to intensify the pto- 
duction of groundnuts and millet. Agronomic research instigated several 
yeara before had already: defined varieties with high productivity, adapted 
to the different zones of the region and the varying rainfall; perfected 
cultivation techniques and practices such as tine of Sceding, optimum spacing, 
density; defined fertilization formulae for stall farmers; and determined 


the importance of machinery upkeep and costs of production. 


Implementation Progran for Ox Farming 


The government planned the program in two Stages. The firet stage vas 
to populrrize these schemes Systematically so they would be applied within 
four years (1963-1967) by 70 percent of the farmers on these four million 
hectares. The second stage was to upgrade cach farm progran by naking 
livestock a permanent part of the farcer's program. 

An organization which specializes in procoting agricultural development 
(SATEC) vas commiesioned to work with the research institutions and organize 
the popularization. Four years later men, materials, time and effort had 
created the needed staff shown in Table V. 1 and achieved the results in 
Table V. 2. 





lO lbid., p. l. (Italics added.) 
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TABLE V. 1 STAFF REQUIRED TO IMPLEMENT AGRICULTURAL PRODUCTION PROGRAM: 
SENEGAL? 
Campaign 
1966 


Senegalese popularizers 


Technicians: Senegalese 
European 

Engineers: Senegalese 
European 


Total: Implementation staff 





“Bour, Op. c«t., p. 4, 


TABLE V. 2 RESULTS OF CAMPAIGN TO INTRODUCE IMPROVED PRACTICES, IMPLEMENTS 
AND ANIMAL POWER FGR CROUNDNUT AND MILLET PRODUCTION: SENEGAL 
1963-1967? 


Iuproved Tool d : Utiliza- 
or Practice tion by 
Farrers 
percent percent percent 
Sowing Machines] 65,000 50 108,000 80 124,000 95 


Hoes 15 53,000 33 80, 350 55 


Plows 1.5 6,1N0 7 14,800 17 


Fertilizer kg. kg. 
Groundnuts 35,200 44,250 


Millet 10,560 ; 11,116 





“Bour, Op. Cif., p. 4. 


Bour says, "barring a climatic catastrophe, an increase of 25 percent 
on the average of the productivity of fields planted in peanuts [groundnute] 
should be achieved by the end of thís year (1968] "1! 


Follow-up Program in Established Agriculture 


The Senegalese governnent's second phase, with technical goals of inten- 
sifying and "sedentarizing" agriculture and creating an association between 
agriculture and livestock breeding, is now being developed in three stages. 

A series of agronomic research projects initiated by Institut de Recherches 


Agronomiques Tropicales (IRAT) in tne eariy 1950's on cultivation techniques, 





Mhibid., p. 5. 
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fertilization and inplerents had found that bovine traction was neccssary 

for getting the fertilizer deep into the soil until motorization was possible. 
IRAT devised equipment to be used, determined the work time involved and 
taught farmers how to care for the animals. They also emphasized feeding 
natural fodder, planting fallow fields with forage crops and using the Ly- 

, products of harvest. 

Silvestre said, "resulte showed that with such a cultivation system, 
peanut [groundnut] yields could reach 2,000 kg. per hectare and cereal yields 
could be brought up to 1,500 kg. per hectare; and that it is possible in this 
manner not only to feed the work animale but also to feed a small herd for 


profit. "1? 


The extra meat or work animals raised on the surplus feed could 
be sold to aupplement incone. 

Extension workers and popularizers find it difficult :o teach all im- 
proved methods sizaultaneously. But from research they learned that progress 
factors are most successful when taught together and concentrated on farmers 
who already have applied simple improvements and are receptive to good prac- 
tices. 

The firet stage utilized oxen for traction and wagons for transportation, 
It also introduced the use of oxen for plowing and harvesting and other ani- 
mals for planting and weeding. 

The second stage established a statiornry agriculture by annually apply- 
ing fertilizer deep into the soil of last year's fallow land with the help of 
bovine power. kaproved animal care was also emphasized in this stage. 

The third etage is the cooplete integration of animals and crop produc- 
tion. Farmers are taught the rational use of crop rotations, improved fer- 
tilization, selection and care of high-yield varietics, production of tem- 
porary pasture and planting of annual field crops. 

In conclusion, Silvestre states: 

Results obtained . . . on the production level and the 

work time for various seasons and different crops on the basis 

of improved agricultural tools, supplies, etc., have made it 

possible to define for a typical family the maximum exploita- 


tion size possible, with optim'm use of manpower, optious pro- 
fit, and optimum use of agricultural equipment. 


The minimun area to be exploited can be determined na a 
function of the prolirability of a team of oxen and agricul- 
tural equipeent, 13 





12, Silvestre, The Part to be Played by Agronomical Research in the 
Perfecting of an Intensive Agricultural Exploitation System for Senegal, 
(Abidjan, Ivory Coast: Conference on Agricultural Research Priorities for 
Economic Development in Africa, April, 1968). 


Wibid., p. 4. 
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Ghana Proposal for Ox-training Centers 


The agricultural officera in northern Ghana are acutely avare of the 
farmers! needs for more oxen and for training. Table V. 3 summarizes a pro- 
posal fur setting up an ox-training center, including operating costs for one 
calendar year. Three such centers are being proposed for 1969. 

A list of factors which favor the transition from hand tools to animal 
toole is included in this chapter in the section following the discussion of 


the three farming systeusg. 


Engine-povered Systeas 


Ivory Coast Motoragri Operation: An Exarple of Implementation of a 
Covernment-sponsored, Engine-powered, Large-scale Mechanization Scheme 


General and Historical Background 


An account of the general and historical background of Motoragri is given 
in Chapter II in the section concerning Large Scale Ent .prises. The follow- 
ing teconzendat ions!" were drawn up by the initial Israeli study comittee 
a8 steps ín the plan of operation: 

l. Crente a government agency to take charge of natural resources and 
development of agrículture. 

2. Establish during the first stage, tuo regional stations and one cen- 
tral depot vith workshops. 

3. Establish a training center for local people to staff the organiza- 
tion. 

4. Execute selected worka and establish priorities for operation. 

Main work projects were outlined: clearing of bush and forests, construct- 
ing small dams, building feeder roads and providing a tractor-hire service to 
do contract plowing and disking for farcers without tools. All clearing on 
farms less than 5 hectares and dam and road construction costs were to be paid 
by the government. Costs of work done by the tractor-hire service would be 
met by the farmers. The organization has expatriate management which 1s ached- 
uled to be phased out. (Table li. 47.) 


Tas in most other developaent programs, there was a difference of 


opinion as to how a government should accelerate agricultural development. 
Many agricultural officiale agreed with Professor René Dumont of the National 
Agronomic Institute of Faris that only after the faruer has learned to till, 
weed and plaut by hand, to use insecticides and fungicides, should he turn 

to animal-dravn cultivation and chemical fertilizers; and finally, only 

when high returns have been obtained with animal power and man power is 
scarce, should agriculture be motorized. 

In general, the former colonial author, ien discouraged the use of 
tractors. They believed that soils vere too shallow for mechanical culti- 
vation, that erosíon would be severe and the fertility of soila would be 
residly depleted. They were convinced that farmers have to go through a 
gradual step-by-step learning process from hand to animal power before they 
can turn to mechanization in the modern concept. 
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TABLE V. 3 ESTIMATES FOR ESTABLISH ING ONE TRAINING CENTER FOR OXEN 


1. 


2. 


J. 


5. 


6. 


Buildings" 
Repairs to existing buildings 


Watering and feeding troughs 





Oxen 

Four oxen 8 $100.00 each 
Equipment 

Rings for nostrile 16 0.40 
Ropes 50 0. 04 


Yok:s (two 213 ca. 
and two 162 cm.) 

Weights 

Dumpy level 

Hand level 

Sprayer 

Duster 


on 
ka ba OO ta E 
(no (G5 AR te n a 
pon 
e 
e 
o 
eo 


Tools 

Spare plov shares 

Manure fork 

Oxen care 
Five-tine culti- 
vator 

Wheelbarrow 
Cutlass 

Hoes, local 

Rake 

Pick axe 

Spade 

Shovel 

Buckets 


ka m AD 


Zei nS nb nb m rug nu ( (n»n 
= 
o 
eo 
e 


. * 


. * 


PI ge jwe Fé pé KA MN ké pe 

SE 

mM bh be OO e 
+ 


WODOOtHUOODO 
CO OO OO OC CO CH 


Chemicals 
Fertilizer, assorted 
Seed dressing: 
Dialdrex A 
Dialdrex B 
Insecticides: 
Arkotine 

Ganmalin A 


Lubricants 
Grease 2.3 kg. @ 
011 3.85 1. e 


Feeds 


Supplementary feed: 
Concentrates 
Salt licks 


Seeds 


Groundnuts, 1.21 ha. 
Guinea corn, 1.21 ha. kg 
Early millet or maize, 1.21 ha. 7. 0 k kg. 
Late millet, 1.21 ha. 7.0 kg. 
0,0 
10 


1364 kg. € 0.088 


4.00 
1.50 


0.91 kg. 
0.91 kg. 


0.53 
13.00 


19 liters 
1 pkg. 


one/day/ox @ 
one/week/ox @ 


55 ka. 
27 


Cassava, 0.81 ha. 10,000 cuttinge @ 
C.10/100 cuttings 
Seeds, assorted, 0.46 ha. 


Total Estimated Cost 


CHANA* 


dollars 


100.00 


50,00 





146.00 
108.00 


12.00 
3.00 
60 
.60 


10,00 
1.00 


150.00 


400.00 


157.40 


132.00 


148.50 


12.92 


254.00 


27.20 


1282.02 


“Prepared by N. Yenli, Regional Agricultural Officer, Tamale, Ghana, 1968. 


“Based on use of existing buildings suitable for a training vith minimum 
repair. 
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Organization and Plan of Operation 


Motoragri operations are divided into seven regions. The headquarters 
are located in Abidjan because of proximity to the Ministry of Agriculture and 
otiivr government agencies having authority to make decisiones and maintain 
close working relationships. Spare parts also are more readily available in 


Abidjan with machinery dealers concentrated there. 
L) Board of Directore 


Every government oínistry, private enterprise, and parliament is repre- 
sented on the Board of Directors of Motoragri. All final decisions must be 
approved by the Ministry of Agriculture. The Board of Directors delegates all 
managerial power to the Director General of Motoragri who has operational, 


technical and financial control. 
2) Basic Organization 
Motoragri is organized with three departmente and three sub-departnenta: 


a) Department of Works Plans and executes the work program and 
superviecs all construction projects. It te responsible for work being on 
schedule, within estimated costs, and up to performance standards and speci- 


fications. 


b) Technical Department Prescribes work standards, apecifies and 
purchases all engineering and technical materiale and ie in charge of repair- 


ing, servicing and maintaining equipment. 


c) Financial Department Keeps records of all inputs in work pro- 
jects, all recurring expenses and charges these to each work project on a 


proportionate basie along with the calculated investment. 


d) Engineering Sub-department Standard plans are used if possible 
and modified if necessary. Original designe are made on the basis of surveys 
and studies. Work estimates are prepared to establish the bases for costs 


and proper financial accounting. 


e) Training and Manpover Sub-department Courses for schools and 
special training programs are prepared and conducted besides giving advice on 


promotion, retraining, retention and discharge of manpower recruited. 


f) Supply and Transport Sub-departzent Moves heavy tractors, 


buys supplies, parte and fuel, and delivers them to field units. 
Selectior and Training of Staff, Incentives and Work Efficiency 
1) Recruitment 


To obtain qualified applicants, Motoragri screened 4,000 applicants over 


two years and nov have about 750 trained Ivoirians working on various projects. 
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Each prospective employee is given a series of written and practical tests, 
For a pechanic Motoragri also requires a Certificat d'Aptitude Professionale. 


Site chiefs need a high school diploma or equivalent education. 
2) Employee Training 


All new employees nust go through a rigorous training program off and on 
the job. The chief cf each region cakes reports on the progrens and aptitude 
of the trainee and eubmits periodical reporte to the Director of Training. 
The director helps decide whether the man is satisfactory without further 
training, needs more training, or is untrainable and should be discharged. 

Motoragri selects 60 to 70 percent of tested applicants for training. 
They start with classes of 20 to 30 etudents, about 12 to 18 etudents finish. 
To train mechanics, for example, the course is 6 months long and covers 940 
hours with emphasis on practical work. Initial training is followed by work 


experience on the job. 
3) Trainee Evaluation 


Advanced training ie given to staff and employees selected for upgrading 
after 6 to 12 months of experience. Each man fe rated from 1 to 20 on five 
factors. He can be promoted if he receives three or more recommendations, 
or be discharged after three warnings of unnatisfactory work. Ratings are 
given by supervisors for performance, technical ability, efficiency, conduct 


and cooperation. 
4) Farmer Training Schools 


Because many farmers have purchased tractors but do not know how to 
properly use and maintain them, all farcers by village or area will be invited 
to a Motoragri School. Courses will also be given to train village artisans 
and blackomiths as mechanics. Motoragri plane to offer the first schools in 


1969 during off-season work periode, 
5) Incentives and Work Efficiency 


Motoragri plans to use tractors productively 1,500 hours each year. 
This averages approximately 7 hours per day and 21 1/2 days per month for 10 
months. To attain this degree of efficiency, Motoragri has found that special 
training and incentives are needed. Field supervisors make out reports and 
identify employees with outstanding abilities. Drivers are rated every 3 
months and the results used to determine awards and promotions. 

An operator's salary etarts at $61.25 per 200 hour month with the aver- 
age eaployec receiving $86.00. Drivers can work in the field a full 8 hours 
and get paid for one extra hour of equipment maintenance. A working tractor 


hour-meter oust show the extra time spent in the field. The operator informs 
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hie supervisor immediately 1f the tractor hour-meter is not working eínce he 


receives pay only for houts recorded. 
Selection and Maintenance of Equipment 


The kKotoragri etafí states that all large crawlers should have power 
shifts and be standardized on one manufacturer. If Motoragri had etandard- 
ized, stocks of epore parts vould be lese, with lower investment; aechanice 
could also specialize on one nake, beconing sore skilled in repaire and service. 

Motoragri pays 10-15 percent duty on parte and oateríals faported into 
Ivory Coast. Recently 100 nev tractors vere ordered víth eparc parte and lov- 
boy tractor trailers for transport. Most needed sizes are large crawlers for 
forest clearing. At present they cannot effectively utilize the soaller D-4'a, 
T0-9's and TO-15's for light clearing and agricultural tillage because (here 
arc insufficient large cravlere for heavy clearing. The 45 to 59 hp. tractors 
were found too small and Motoragri prefere the 60 to 70 hp. models for general 
farm vork. They vant a few large 100 hp. wheel-dorcrs to replace some 60 hp. 
ctav]ere, because this tractor needs less maintenance than tracks, and has 
greater versatility and speed. 

Une r tropical conditions, severe rust, mud and fine dust aggravatc main- 
tenance problems. Maintenance for Motoragri tractore and machinery is pre- 
wcheduled on a priority baeis. Every 3,000 hours each tractor is returned to 
the central vorkshop at Abidjan where it is cospletely torn down, serviced and 
repaired. Careful weekly checks arc given every tractor by the Israeli super- 
visor end lvoirian mechanics ore assigned to cach jo. site for oaíntenance 


work. 


Contract Hire Chargea and Cost Accounting 


Motoragri accounts for all the direct and indirect expenses attributable 
to each tractor. Separate cost accounts are kept on every tractor for fuel 
(gan, oil, lubricants); spare parte (first year: 3-5 percent total tractor 
value; second year: 8 percent, third: 12 percent, fourth: 18 percent, fifth: 
18 percent); repair work; depreciation (etraight line 20 percent of value; the 
life of the tractor is bascd on five years or 7,500 working hours, whichever 
ie short^r); wages for operators, mechanice and supervisors (Ivoiriane); fees 
for expatriates (Israelie); vehicle operation; radio charges; buildings and 
conetruction; and aiecellaneous. The direct expenses are accountable on the 
basis of actual operations; the indirect expenses are determined on an hourly 
basis for the total annual expenditure and are weighted according to the horse- 


power of the tractor. 
1) Estimating Job Charges versus Actual Coste 


Motoragri began contract vork ín May, 1966. To allow time for an actual 
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etudy of operational costs, the Ministry of Agriculture met all expenditures 
through December, 1966. Contract charges were set on the basis of this eight- 
month study. After working two and a half years, Motoragri established a firm 
schedule of charges (Table V. 4) for every operation on which contracts are 
negotiated, based on the number of hours recorded on the tractor hour-zeter. 
Monthly estimates of expenditures are made according to projected hours to 
accomplish contract work. Estimates for 1967 were 1 percent different from the 
actual costs and 1968 estíiocates were expected to be even closer. 

When the Director of Works receíves the end-of-job notice, the quantity 
of work recorded is totaled, an account of the total costs is prepared and 


submitted to the client. 
2) Operating Budget 


To date, 50 percent of the budget has bcen guaranteed by the Ministry of 
Agriculture for work ordered by the Covernzent as part of the contractual 
arrangement. Thie work fs vouched for every three months by the Regional Direc- 
tor of Agriculture. The remaining 50 percent of work is obtained by Motoragri, 
subject to approval by the Ministry of Agriculture, mainly from private land 
holdere, and large public and private companies. 

Some work also is done for small farmers but those with less than five 
hectareg each must form contiguous groups of at least twenty farms so that a 
minimum of 100 tectares of work may be performed in one area. Some work has 
Leen undertaken on as little as 60 hectares, depending on the distance and 
difficulty ín transportíng the cravler tractors. 

The 1968/69 operation is about $4 million. The government Agricultural 
Bank makes some credit available for a limited number of jobs where several 
years may elapse before cropping can produce sufficient income for repayment. 
Motoragri has no difficulty in obtaining work, but problems arise over finan- 
cial arrangements to prevent default or hasten slow payments. Motoragri is not 
empowered a» a credit agency and, therefore, ie unable to accept contracts 
without satisfactory financial arrangements. 

Narosurra Farm Mechanization Training Scheme: an Example of Training Kenya 

Farmere to Become Skilled Tractor Operatore and Better Farm Managers 

This school for training young African farmers and farm managers ín tech- 
niques of efficient and economical agricultural production is an excellent 
example of inspired, dedícated cooperative education. Men who come to this 
center for practical and thoughtful training are eager to learn and are en- 
thusiastically encouraged by the largely volunteer staff. 

Trainees learn to make decisions, account for coste, manage diverse opera- 


tions, but primarily to handle, maintain-and utilize modern tools and machines 
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TABLE V. 4 APPROXIMATE CHARGES MADE FOR CLEARING, TILLAGE, DAM AND ROAD 
CONSTRUCTION:  MOTORACRI 1968-1969 





Clearing (Felling, windrowing and piling) Cost 
dollare/hectare 


Heavy forest 448, to 653. 

Medium forest 286. to 448. 

Light forest 184. to 286. 

Savannah 143. to 184. 
Sub-soiling (to remove roots) to 
Agricultural tillage 

Ploving 

Pulverizing 

Disking 

Cultivation or planting 

Moving (rotary) 


Spraying 


Roads Cost 


(7-meter road surface plus 3-aeter ditch) dollars/kilometer 
Heavy forest 571. to 735. 
Medium forest 490. to 571. 
Light forest 326. to 490, 


Sovannah 204. to 326. 


Ballasting and earth moving (dams and roads) st 
dollars/cubic meter 


Distance of transport less tnan 100 netere 0.61 to 1.02 
Distance of transport, 100-500 ceters 1.02 to 2.04 


Distance of transport, 500.2. to 5 km. 2.04 to 2.65 


in agricultural production operations. The three-month course is intensive and 
involves long hours in the classroom as vell ae field and laboratory work. For 
experience, students do contract work for farms in the neighborhood. The 


average day in the six-day week starts at 7 a.m. and ends at 9:30 p.m. 
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Course Content 


Student eubjects and hours devoted to each in the 12-veeks' curriculum are 
shown in Table V. 5. 


TABLE V. 5 TWELVE-WEEK WORK AND STUDY PROGRAM AT THE NAROSURRA FARM 
MECHANIZATION TRAINING SCHEME: KENYA 1969 


Tractor maintenance 
Mechanical subjects 
Accountancy 


Crop husbandry 

Aninal husbandry 

Tests and final examinations 
Files, debates, tulks, ctc. 


Total hours 





10) Tractor Driving 


Each student receives three hours of instruction on tractor operations per 


week, culminating in the use of different types of implements with the tractor. 
2) Mechanical Cultivation 


Students are taught how to adjust cocmon implenents and given instruction 
on the capabilities of machines for ploving, cultivating, planting and harvest- 
ing. 

3) Machinery Maintenance 

Students learn basic principles about diesel and gasoline tractors; safety 
measures and handling; and daily, weekly, monthly, and annual maintenance ser- 


vices. They also learn how to make simple repairs on tractors and implements; 


and to make nuts and bolts. 
4) Welding 


Studente learn simple gas welding, including sawing, cutting, welding of 


plates and round bars, and safety precautions. 
5) Accountancy 


Students learn how to read invoices, statements, receipts and bank state- 
ments; to keep and balance a cash book and bank bouk; to make allocations; and 


to do tractor and icplement costings. 
6) Crop Husbandry 


Students are taught fundamental facts about the soil, plant foods, soil and 
water conservation, fertilizing, weeding, rotations, eflage production and hay 
making. 
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Training Concept 


With increasing Africanization of farms in Kenya and elsevhere (including 
the opening of vast new nreas all over East Africa to commercial faruing), there 
fe a great need to provide sound training in modern farming methods. Most new 
African farm owners lack personal facilities or opportunities to learn ze 
new methods. Many new owners have come fron urban areas with a basic knowledge 
of agriculture, und with the erroneous belief that faraing is easy and profit- 
able. As a result, Dany Africans have started farming with great expectations 
and ended deeply disappointed. Potentially profitable farms have lost money 
as problems multiolted and production dropped. When new lands brought under 
cultivation fail to measure up to optimistic forecasts, the economy stumbles. 

The concept behind the Narosurra Training Scheme is unique. In 1963, 1n 
northvest Kenya near Sabatía, there were 18 successful large-scale European- 
owned farms. In 1964, the government of Kenya, as part of the "Million Acre 
Settlement Scheme", bought out one after another until only Mr. and Mrs. 
Michael Low rezaincd. The large farms were divided into about 650 smaller 
farms for Africans, averaging 12 to 20 hectares each, but with some of 40 hec- 
tares. With little equipment and few animale, most of the Africans had to 
borrow up to 100 percent of their finances to obtain basic inputs for farming. 
Consequently, new farmers lacked adequate capital, tools and crop needs. But 
most of all they lacked adequate training and experience for farming. 

The Africans began to farm. They copied and they made mistakes; their 
land began to run down and they finally went to Mike Low for advice and help. 
Mike Low sow the problene and, with hie wife's encouragement, conceived a plan 
to train local farmers in the essential subjects of mechanized farming. His 
plan was presented to the Ministry of Agriculture of Kenya, and while it was 
encouraged, it was not officially financed or sanctioned initially. Undaunted, 
the Lows sought and obtained support from private sources, friends and churches, 
and etarted their first class as the Narosurra Mechanization Training Scheme 
in 1966. 


Budget and Student Coste 


The proposed budget for the Naroeurra school is $54,600 annually, amount- 
ing to $364 per student for three classes of 50 studente each. To train one 
student “ith the present facilities, room and board, costs $140 per clase, 
not including salaries for any of the staff. Each student is asked to pay a 
$70 enrollment fee. For those who cannot pay, Lou has set up a scholarship 
fund so that no deserving student has to be turned avay if class space 1s ade- 
quate. The reputation of the echool is excellent; for the fifth class there 


were 130 applicants. 
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Beginning in 1968 the Kenyan MOA partially supports the Narosurra Mechani- 
zation Training Schone!’ with a yearly grant of $5,800 toward the costs and 
salaries of instructors who previously were unpaid. The MOA has agreed also 
to support 60 students per year (20 students in each of three classes per year) 
for the next four years. These Students are to be selected from all over 
Kenya. After successful completion of the mechenization course at Narosurra, 
they vill be eligible for loans through the World Bank fund to buy tractors and 
machinery. 


Quality of Training 


Narosurra's objective ia to train quickly and economically, African farnera 
to operate their own farme and/or do contract work for others. Indicative of 
the quality of training given at Narosurra is the fact that the 1967 Kenya 
National Plowing Championship was won by a man trained at Narosurra. He placed 
second in the World Plowing Contest held in South Africa in 1967. 

Some 130 men have passed through the scheme so far. A follow-up on some 
graduates in March 1968 indicates the results:!° 

Mr. Kamau Mbabara has a small farm in the Cherangani hills of Kenya. He 
earned over $560.00 toward his tractor in the firet three months of acquisition. 
He had rcquests to plow over 200 hectares for his neighbors, and has been asked 
to plow another 690 hectares. He is considering raising a loan for a second 
tractor since only one other tractor is near hin. 

Mr. Jacob Kigen, who attended the second course, has formed together with 
30 other famers, the Mochomgoi Farmere' Group. The group has already patd 75 
percent of the price of its new tractor and is planning or a second cne. He 
Bays, "ve ain to do high quality work. Because of this ue are getting more 
requests than we can fulfill." 

Mr. Wilfrid Tonno and Mr. Solomon Chirchir both fara in the sane district. 
They are helping to plow 200 hectares for the Kabimoi Farmers' Cooperative 
Society. They hope to pay for their tractor within four years. Mr. Tonne 
said, "I realize that unless I can manage to plow 16 to 20 hectares of land 
each veek 1n the plowing season, I will not be able to pay back my loan." 

Mr. Harroson Njuguna, a graduate of the third course, does not oun a farm 
but does contract work for Kinangop fez:néere. It fe a large area vith fev trac- 
tors. He writes: “In January 1968 I achieved Gy target of vork to the value 


of $357. I hope to do even better in February with ovcr 40 hectares to plow. 


a e ee en 


Ire Narosurra Project also is assisted by generous donations froa pri- 
vate individuals, the Danish Government, Oxfam, Freedom froe Hunger, Christian 
Council of Kenya, Catholic Relief Services, Farm Machinery Distributors and 
others. 

progress Report Narosurra Farm Mechani zation Training Scheme, Received 
January, 1969, p. 12, 
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To reduce travel expenses, I remain in the field until each area fa completed. 
I plan to visit Narosurra for a refresher course for a week or two during the 
rains." Mr. Njuguna has offered to service machines of other tractor opera- 
tore in his neighborhood for a small fee. 

A list of factors which favor transition from hand- and animal-powered to 
engine-povered agriculture fs included in this chapter in the following section. 

Factors Which Favor Different Levela 
of Mechanization 

At any given time with a specific set of conditions in a particular stage 
of development there are many individual factors and combinations thereof which 
affect the adoption of a level of acchanization and ite continued use. Those 
factors which tend to favor one form of power over another are listed below 
without any implication of priority. 

Factors Favoring Continuance of 
Hand-powered Agriculture 

There are many factors influencing the continuance of hand-povered agri- 
culture: 

l. Very small fragmented farns with scattered fields of odd shape. 

2. Land only partially cleared and developed, with trees, roots and 
stusps left in place to interfere with aninal- or engine-powered tools. 

3. A surplus of labor during the greater part of the crop production 
yeat. 

4. A high density of population to arable land wnich forces use of worn- 
out or marginal land, greater land fragmentation and subsistence-level farming. 

5. Very low per capita income making the farmer self-reliant but unable 
to inveet in new and income-increasing inpute. 

6. Low technical ability of farmers and workers who tend not to be inno- 
vators nor to develop improved methods and tools. 

7. Intensive production methods which use 2 to 8 mixtures of crops in 
the same field, preventing use of labor-multiplying animal- and engine-powered 
tools and techníques. 

8. Great attachment to tradition due to isolation and the lack of edu- 
cational opportunities in rural areas. 

9. Conservatism of rural people who have lived at subsistence levels and 
are over-cautious. 

10. Lack of effective demonstrations by mobile extension teams to convince 
farmers of the benefits of improved farming practices. 

ll. Existence of narrow paths and very limited farm roads that prohibit 
entry and movenent of wheeled machinery. 
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12. High import prices and taxes on improved agricultural machinery and 
parts, making them more coctly for an African farmer than for an American or 
European famer. 

13. Shortage of spare parts due to high wear and breakage rates, poor 
logistics support and inexperience in planning and maintenance. 

14. Scarcity of farm machinery servicemen and mechanics because of school 
enrollments, low pay, and emphasis on white-collar positions and social status. 

15. Lack of training centers and facilities for training farmers, exten- 
sion workers, tractor operatore, village blackemiths and artisans. 

16. Inadequate industrial demand for agricultural raw naterials and a 
lack of local industries to process or utílize agrícultural products. 

17. High cost of locally manufactured products which are often made of 
inferior materíals which wear out quickly. 

18. Deficiency of suitable designs for machines and tools adapted to the 
needs of the small farmer, low cost and suitable for local manufacture and re- 
pair. 

19. High prices of petroleum fuel which make transporation costs high 
and discourage the use of engine power for agricultural production. 

20. Existence of government polícies which put low market enphasis on 
agricultural development and over-emphasis low food prices for urban workers. 

Factors Favoring Transítion from Hand Tools 
to Animal Inplements 

Many factors, both in single and aultiple combinations, exist to favor 
the transition from hand- to animal-powered implements in Equatorial Africa. 
The combination(s) that tips the balance to bring about change is very coaplex 
and varies between peoples, agricultural areas and countries. Without any 
attempt to measure or wefgh individual factors or combinations, some of the 
most important are listed for consideration by policy makers, planners, admini- 
strators, udvieors and others who are concerned with agricultural and national 
developaent and the problems of small farnucre. 

1. Availability of labor is a severe limitation on the amount of land 
that can be prepared for planting. The maximum capacity of a hand farner (4 
to 6 hectares) is less thor the land arca to be farmed. 

2. Labor is a definite limitation in the amount of land that can be ef- 
fectively weeded during the wet scasons. 

3. Rising costs of hircd labor make its use restricted in relation to 
low and unpredictable product returns. 

4. Part of the traditional family labor is lost to required school at- 
tendance as educational standards and facilitics improve. 

5, Where new land is available, the pressing need for more food produc- 


tion enphasizes ite development and requires additional power. Ox power is 
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especially suited to tropical areas of high elevation with temperate climates 
and more than 76 to 100 cm. of rainfall per year. 

6. Where additional land is not available, population pressure and food 
demand force existing land to be more intensively cultivated with the aid of 
animal power. l 

7. Improved livestock production methode, including disease control, 
forage production, feed storage, and introduction uf stronger and healthier 
animals, favor the use of aniual power. 

8. Increased local availability of improved animal-drawn tools and imple- 
ments, either imported or locally made, makes farmers avare of better means. 
Farmers seek improved, lightweight, siaple, robust and inexpensive toole. 

9. The establishment of training centers to train animals and farmera 
introduces better harnesses and control methods along with better crop hus- 
bandry. 

10. The introduction of improved cultivation practices such as row seeding, 
inter-row weeding, pest and disease control methods, irrigation, manuring and 
fertilizing encourages use of higher capacity labor multiplying animal tools. 

ll. The development of access roade to fielde and markets encourages the 
development of animal-drawn wheeled transport both for field work and for 
Crangnorting farm produce out and manufactured goods into rural areas. 

12. The incorporation of new activities in nixed hand- and animal-powered 
agriculture encourages the adoption of improved practices and implements. 
(Examples are: introducing and improving overall water control measures; 
forming and shaping land to make better use of higher capacity tools; deeper 
plowing to exploit new levels of fertility; and more thorough tillage to permit 
burial of crop vegetatfon, green manure crops and fertilizers.) 

13. The introduction of new crops with specific recomaended practices 
either requiring or directly benefiting from the application of increased ani- 
mal power and improved implements to increase environmental control or to per- 
mit expanded operations. 

14, New land suitable for power methods becomes available to farmere in 
larger blocks than can be farmed effectively by hand (4 to 8 hectares) through 
purchase or reassignaent of government, church, traditional or private lands. 

15. A growing desire for change exists along with a willingness to try new 
ideas and inputs. The acceptance of one new, outstanding implement or tool 
paves the way for a host of further changes.  LaBrousse pointe out that the 
groundnut drill in Senegal, the turning plow in India, and the r'dging plow in 


Nigeria and Ghana sparked thc advance of animal power ín thos area...’ 





Wi LaBrousse, Mechandzation ^6 Agriculture gon Under- leveloped Tropicat 


Countries (paper presented at Africa Mechanization Advisory Conference, Michigan 
State University, East Lansing, Michigan, July, 1967), p. 27^. 
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16. The evidence from successful animal-powered farmers or schemes within 
20 to 40 km. of a hand-povered area acts as a catalyst to stínulate interest, 
to furnish a source of work animals, and to provide an initial supply of im- 
proved tools. 

17. Where oxen or bovine traction currently is not employed, available 
donkeys can be drafted. Braun in Niger used donkeys without previous training 
as draft animals with good results in light soils and in ‘eavier soila prepared 


at the right moisture content. LB 


Factora Favoring Transition from Hand and 
Animal Power *o Engine-powered Agriculture 
1. Present attaincent of a basic mechanical ability by many farmers 
permits them to quickly becoze qualified machinery operators. 
2. A strong desire exists among farmers for improved machinery and tools. 
3. Farmers have grod knowledge of cultivation techniques and abiiity to 
effectively utilize present resources but are constrained by power limitation. 
4. The government is generally sympathetic and well-grounded in the 
fundamentals of mechanization at all levers with established, proven programs 
to assist the famers. 
5. Education, research and extension programs promote and support mech- 
anication at all levels with c istant movement to improve. 
6. Competent agricultural technicians are available at local levels to 
assist the small farmer in improved farming practices. 
7. Local level of supporting services for fuel and Supplies are avail- 
aule. 
8. Technical services for repair and maintenance are available at local 
level, 
9. Feeder roads and transportation facilities from fam to market to 
port are improved, 
10. Industrial production of part of the sparc parte and the creation 
of more skilled jobs for trained workers are encouraged. 
ll. Machines for the snall farms as well as for large units are developed. 
12. Favorable prices of petroleum fuels encourage the use of -ngine 
power. 
13. A labor shortage for tillage, transplanting, weeding and harvesting, 
creates production bottlenecke and causes reduction in yiclds or crop losses. 
14. A shortage of work animals because of insufficient numbers, disease, 


improper training, insufficient size or strength, or the increased market for 





184.5. Braun, Niger: Agricultural Small Tools, Progress Report (Rone: 
“ood and Agricultural Organization of the United Nations, February, 1963), 
P. li 
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quality meat favors transition. 

15. The poor condition of work anímals at the end of the dry season and 
the beginning of land preparation favors transition. 

16. Animal pover cannot expand timely operations with only indigenous 
implements, when animale are unable to break and seed sufficient land in the 
limited time available after the first rains (in Africa, this fe a prime rea- 
son for introducing engine-povered equipeent). 

17. The development of large land areas of high agricultural potential 
with low labor population density, and scarcíty or non-avaílability of animal 
power. 

18. The very rapid regrovth of tropical vegetation ín arcas of high 
seasonal rainfall, cakes weed control impossible by simple cutting, burning 
or hoeing with hand- or anínal-povered tcols. 

19. A strong program of adaptive research to develop better toole and 
methods for specific local conditions or to solve particular problems or 
bottlenecks is needed. 

20. The need for and versatility of engine power for stationary operation 
of mills, threshers, irrigation pumps, as well as for field operations and 
road transport is noted. 

21. The existence of sufficient demand to permit the full utilization of 
machines or implements on the farmers’ land or for contract work for others. 
Single-purpose machines and expensive power units must be used aa many hours 
a day as possible throughout the year. 

22. Favorable attitudes of farmers encourage cooperative ownership of 
machinery for harvesting and threshing when cost, areas, and timelinesr limite 
prohibit individual ownership of machinery or the coapletion of each farmer's 
work. 

23. The introduction of new enterprises to employ labor saved and to 
intensify faroing by increasing production per land and labor unit ís possible. 

24. The intensification of agriculture from a one-crop system to a double- 
or triple-cropping system where tieing, speed of work and superior management 
become critical. Under these conditions hand and animal power are unable to 
do all the work even on small areas. 

25. The availability of low-cost, well-designed machines, including the 
small tractor, offers appropriate power to achieve timeliness ín operations 
without sacrificing quality of work. 

26. Dietribution of isproved tools at the farm market level soundly are 


supported by an erfective network of servicing dealers. 
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Economic Appraisal 


The major economic considerations in the establishment and iaprovenent 
of each system, have been discussed in Chapter IV. Such considerations aust 
be taken into account in introducing new technology in order to assess the 
probability of success or failure, and the probable economic effects on local 
and national economies. 

Improved technology implies improved productivity and, in the right 
economic framework, improved income to the producer. This is important in 
the utilization of more sophisticated levels of power since the higher costs 
of greater productivity have to be met out of income. Thus, any approach to 
improvements and mechanization of agricultural technology must take into con- 


sideration sir taneously economic as well as the technical factors. 
General Econoaic Framework 


The agricultural systeze which have been discussed are in dynamic equt- 
librium: over the long run the pattern of production will shift to accozmo- 
date the pattern of consumption, although in the short run movements may be 
quite violent due to sudden shifts in exogenous variables. Any change in a 
system's technology to incorporate an increased application of mechanized 
technology also vill increase the level of production for the systeo, (or 
conversely, the amount of leisure enjoyed by the labor force) and therefore, 
shift the dynamic equilibrium of the syetem. Thus, there must be adequate 
ancentives in the system to encourage a higher Level of production, and to 
adjust the system to a new dynamic equilibrium, before any attempts are made 
to introduce new forms of mechanized technology. This will require the 
development or exploitation of the export potential from the area under consid- 
eration Le, the marketing of surplus production in the national or inter- 
national marketa). 

The general econonic framework for hand-powered agriculture does not 
appear to be sufficiently well-developed to support the marketing of substan- 
tial surpluses. In the case of Agnale village, market infrastructure and any 
concept of a sonetized economy are non-existent; the econosy of the Zuarungu 
dietrict would support a higher level of mechanization but at present there 
exist serious inhibiting factore such as adverse prejudices against using 
oxen, and an inadequate farm structure; in northern Nigeria the market systen 
Day accommodate surplus production but the transition from hand- to animal- 
powered agriculture is unlikely to occur easíly or naturally, and social 
factors exist which disfavor the use of animals for power. For these reasons, 
consideration also should be given to the possibility of introducing nev 
comercial enterprises into these localities. In this vay an economic cata- 


lyst can be fostered to facilitate the development of economic infrastructure 
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and offer alternative employment in areas of apparent static equilibrium. 

The general economic framework of the Chilalo Awraja of Ethiopia already 
contains the rudiments of a market economy. The utilization of a sophisticated 
mechanization and the potential for increasing production are likely to force 
a commensurate balance in development of infrastructure and marketing facili- 
ties, provided economic development is allowed to continue. The area is ideally 
suited for experimentation and development of engine-powered technology, aj- 
though animal power prevails. Export potential at present is approximately 
equal to imports into the area. Thus, increases in surplus production may have 
to be channelled into new enterprises in the area such as milk and beef produc- 
tion and other animal enterprises to consume grain surpluses, 

The case in Zuarungu, Ghana represents one in which further expansion is 
unlikely until additional power can be employed. Oxen are being accepted slowly 
and yet the general economic framework of existing markets and communication 
facilities could support technological improvement. Both experimentation and 
thaining facilities for oxen cultivation techniques are required, assuming 
that unfavorable sociological problems can be overcome. 

The Tanzanian experience demonstrates the need to develop a general eco- 
nomic framework to support the use of arimal-powered technology where engine- 
rowered technology has generally proved to be uneconomical. 

The two Ethiopian cases of commercial agriculture are fully integrated 
into a market economy and, ceteris paribus, output wili be directed by market 
price fluctuations. In both Tendaho Plantations and the Setit-Humera area, 
engine-powered technology is appropriate to the economy of operation and the 
systems have led to substantial employment of hand labor. Export potential in 
both cases is essential. For the general economy of the country, greater 
benefits may be derived from Large-scale mechanized farming id an integrated 
agricultural policy can be developed to facilitate exporting ‘igh quality 
products into the world market, and marketing inferior products domes ticakly. 

The Middle Awash Settlement Scheme has been based on a sound market 
for cotton, The quality of land and the area available appears suitable for 
development of engine-powered agriculture, supplemented with hand labor. 

During the development period, contentions with local inhabitants have been 
minor. Greater difficulties are likely to emerge from a general scarcity of 
diligent field workers, frustrations of local Management, and financial dif- 
ficulties of meeting budget commitments. 
Appropriateness of the Mechanization Level 
in Relation to the Local Economy 

Appropriateness is nekated to the achievable Level of management by 

(amena (with extension assistance, if necessary) in an agricultural system. 
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For large commercial enterprises a sophisticated level of engine-powered mech- 
anization is appropriate, but concomitant elements of intensive management are 
necessary along with supportive infrastructure and substential nerkets. 

Thie level of sechanization may be introduced by a ccumercial enterprise 
which can remain fairly isolated frow the Surrounding cconoay. An attempt 
to introduce a new level of mechanization into an already established system 
is represented in the sítuation faced by the CADU operation in Ethiopia, the 
Christian Service Committee in Ghana and the operation of tractor-hire services 
in several different countries. This fom of development has to begit: with 
a general assessment of the system's potential and the additional factors to 
be grafted into the system before the nev level of mechanized technology will 
be appropriate. Such an assessment requires careful appraisal of local infra- 
structure, extension and training facilities, and the managerial potential of 
local farmers. Compensatory factors can be introduced into the 8ystea where 
inadequacies exist, such as training and extension facilities where faruers' 
educational levele, repair and maintenance services, credit and market facil- 


ities are generally inadequate. 


Impact of Infrastructure on the Local Economy 


The infrastructure serving the local industry has also an important impact 
on the overell organization of the local economy. A certain minioum infra- 
etructure usually is a prerequisite to a new level of technology and the exíst- 
ing infrastructure has to be expanded to permit the economy to develop. In 
all cases the infrastructure has an important secondary effect on the activities 
of the Local economy. 

Roads and railwaye have obvious impact on the local economy. Experinen- 
tation and diesemination of technical knowledge from locally established research 
etations and local schools has a profound effect on developing the potentiale 

of an area. Repair and maintenance Services, established as a functional part 
| of a large organization, have a similar effect since they also can serve the 
local economy. In small-scale animal-powered and hand-powered economies, where 
local accumulations of capital are very small, the infrastructure must be in- 
proved by outside organizations. In those areas which already have a rudimen- 
tary infrastructure, such as in the Chilalo Awraja in Ethiopia and the villae 
economy of northern Nigeria, feprovenent in the infraetructure may lead to 
rapid development of the local econoay and stimulation of local innovation. 

Large-scale operations require an infrastructure which automatically serves 
the locality. Teaching and training facilities established by the operation 


also function as a reservoir of local technical expertise. 
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Lack of credit and banking facilities appear almost universally through- 
out Equatorial Africa to be severe restraínts on economic development. In 
Setit-Hunera, Ethiopie, lack of credit and the exacting requireaents for col- 
lateral are the most serious of farmers’ problems. In haud-powered and ani- 
mal-povered systems, lack of credit prohibits even the siaplest innovation, 
despite the farmers’ appreciation of the innovation's significance. Large 
commercial organizations, able to raise funds on the local and international 
stock exchanges, can experience constraints to their preferred rate of expansion 


through the lack of ready capital. 
Lorge-scale Operations as Employment Generators 


Involvement of people in the monetized system is a major factor in ex- 
panding the economic base of a country. Large-scale engine-powered commercial 
operations can make a particular contribution to raising employment. The 
employment of a large labor force at certain periods of the year has important 
economic ramifications in the financial stimulus such an operation can give to 


the local economy. 
The Importance of Stze 


Expanding agricultural production is an entrepreneurial function which 
calls for innovation in both the production function (4.8. new inpute and tech- 
nology) and management, Smallness in size of operation has been observed to 
be a limiting factor to the scope for mechanization; yet to enlarge an opera- 
tion necessitates not only an outlet for increased production, but also greater 
management skills. Size and fragmentation frequently act together as con- 
straints, Farm structure is deternined by a variety of sociological and eco- 
nomic factors whích cannot be ignored in considering the scope for nechaniza- 
tion in any given system. 

In hand-labor economies the latitude for experimentation 18 extremely 
limited. Therefore, attempts to innovate are rare; experunentation and the 
demonstration of results has fallen necessarily into the province of externat 
agencies. The ability with which these organizations (extension eervices, 
training institutions and local commercial enterprises) arc able to win the 
interest and confidence of local farners can have considerable influence on 
the scope for mechanization ín erall-scale hand-labor econonies. 

There fes more scope for small entrepreneurs to innovate in anical-povered 
systems. In,eed, this is the main objective of extension services in holding 
demonstrations of new farming techniques, such as the use of new equipment, 
seeds, fertilizers, on successful farms. Here again, hovever, genuíne inno- 


vation is largely undertaken by external agencies. Small faruers operating 
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at the levels of Chilalo Avraja, Ethiopia, Zuarungu, Ghana, and in the northern 
Nigerian village lack economic freedom to experiment. 

In commercial enterprises the entrepreneur and the innovator are often 
the same individuals although they may differ organically in different situ- 
ations, as in the two Ethiopian cases. Tendaho Plantations represents a aye- 
tez in which management is responsible for innovations to exploit the economic 
Situation. However, in Setit-Humera, the original innovations of the area were 
introduced by the individual farmers; and the area is currently in need of more 
innovations to build an adequate infrastructure for the present level of devel- 
opaent. 

Large-scale commercial farming systems expect to gain from potential eco- 
nomies of scale. The individual small farmer in the vicinity of the Tendaho 
Plantations is not in a position to develop economies of scale. The cotton 
market is eufficiently buoyant to support the developzent of a large-scale 
operation, hence, the Tendaho management 1s in a strong position to create the 
necessary infrastructure. 

Economies of scale also underlie the success of settlement echemes, trac- 
tor-hire services and the block faro schemes. The principal objective of all 
these types of operation is to provide engine rower in an essentially hand- 
powered system, to remove labor bottlenecke and bring into production land too 
difficult for hand or animal power. 

Agricultural mechanization in the context of abundant hand labor can create 
conflict. On the one hand, developing economies need new opportunities for 
employment; thie can be achieved by mechanizing some of the productive processes 
and employing hand labor extensively at certain seasons. On the other hand, 
failure to coopletely mechanize the productive process tends to underutilize 
the full potentials of engine power, and underexploit potential econostes of 
scale. 

Economies of scale cre elusive factors. icy may be the underlying bosis 
0j success but they cannot be realized without intensive, well-trained manage- 
ment. 


siftferentiated Approach to Improved Technology 


De Wilde raísed the importent issue that several approaches to economic 
development may be appropriate in any one area. local farmers can be involved 
eizultaneously ín different levels of development according to their facili- 
ties and level of understanding." A fairly sophisticated develo ment scheme 
may be appropriate to develop infrastructure in an area, vhíle the local 


farmers aleo may be involved in a less sophisticated program. Chilalo Avraja 





lie Wilde, op. cit., p. 441. 


2-451 


is an example of a differentiated approach; the CADU program has attenpted 
simultaneously to introduce engine-powered technology and to improve the ex- 


tant animal-powered technology. 
Factors Favoring and Limiting Mechanization 


Certain factors in the mechanization process are epecifically relevant 
to each of the levels from hand to engine power, but most factors have general 
relevance. In nany cases the presence of a factor has one effect and ite 
absence has che opposite effect. All the factors tend to be interrelated; the 
effect of any one factor can only be determined in relation to the presence or 


absence of eeveral others. 


Relationship of Coste and Returns 


Mechanization of agricultural technology must also be accompanied by an 
increase in returne to cover any increased costs. Improved technology should 
raise agricultural productivity; the economic system should be capable of 
absorbing ít. Increasing agricultural productivity involves any one or a com- 
bination of technical factors which raise yields and reduce production costs. 
The surplus has to be disposed of in a way that acte as an incentive to the 
farmer to increase his output. Thus, Hz mechanization process immediately 
requires planners £o take the macro-economic problem of effective demand anto 
account. 14 effective demand is inadequate, there is no incentive for the 
farmer to incrcase production. Market channels and economic infrastructure 


are vital considerations in any proposals to change levels of mechanization” 





20 in the Third Five Year Development Plan of Ethiopia, the Imperial 


Ethiopian Government specifically states that the development of comercial 
agriculture is the only way to produce quick increases in agricultural ex- 
ports and that it is from thie more dynamic sector that rapid gains might be 
expected. With this in mind, the Agricultural Division of USAID/Ethiopia 
has prepared a farm development project for the Shashamanne area in the 
extreoe south of Arussí Province and the northern part of Sidamo Province. 
The long-term objective is to involve rediuz- and small-sized farmers in 
a syetcn of commercial farming based on a market economy. Facilities are 
to be created for the intruduction of appropriate machinery into the arca 
although mechanization fs not, per se, the objective of the project. The 
heart of the project is provision of supervised credit to be used for the 
purchase of farm machinery, tools, fertilizer, chemical and improved seed. 
The Ethiopian Grain Corporation is expected to establish a marketing 
and storage facility in this area to handle increases {n production. Crop- 
ping patterns are designed to avoid overproduction of any comaodity which 
would tend to overload the potential market. The largest relative increase 
is planned for the area of haricot beans because of strong demand on the 
world market. However, the project stands or falls on the eetablishcent 
of an adequate market for the substantial increase in maize production which 
is planned since this fs the principal crop to be grown, 
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Manageaent Skills 


Raising the level of mechanization necessitates both a more sophisticated 
level of management and more modern inputs; with anizal- and engine-powered 
farming the availability of these factors becomes much more critical. The 
Level of farmers’ education is a criticad factor in the type of mechanization 
which they can handle. Compensations for some inadequacies can be introduced 
through an effective extension service. In the hand- and animal-powered sys- 
tems, extension officers become involved deeply in local leadership and tech- 
nical innovation. Local extension agents should be vigilant to identify local 
potential innovators who can play a lead in development of their area. 

Thus, demands for greater managesent ability are bound up in education, 
training and educational achievement of leading individuals. The presence 
of good local training facilities and schools becomes increasingly important 
as the level of sechanization becomes sore sophisticated, otherwise, techni- 
clans and managers must be brought in from outside. The system of education 
in a rural area can we a profound influence on future development through 
teachers’ attitude and the general orientation of the curriculum. A bias in 
the curriculum toward urbanized society and its cultural interests, at present 
frequently observed in rural African schools, fe not conducive to maintaining 
gifted young peoples’ interests in the potential prosperity of the rural soci- 
ety in which they were raised. Curricula of rural schools, and agricullural 
training schools usually established for more senior stents and adult educa- 
Lion, should include interesting courses relevevant to fhe Local economy; this 
requires school faculties which also have a genuine interest in rural develop- 
ment, 


Availability of Modern Inputs 


The necessity of obtaining codern inputs easily and promptly becomes in: 
creasingly important. Timeliness ot cultivation and heavy overhead costs oak. 
availability of supplies more critical. Thus, supportive infrastructure must 
be adequate for the level of development. Repair, maintenance, and fuel supply 
services are a necessity with engine-powered agriculture; inadequate credit 
facilities seriously inhibit large-scale operations; a critical shortage of 
local hand labor renders ínpossiblc a partially engine-powercd eysten; inade- 
quate road tran. port and communications make haulage of produce extremely ex- 
pensive; inacequ.te extension advisory services lead to failure to exploit the 
local agricultural potential and to obtain optimum service from agricultural 
equipaent; the absence of adequate research facilities leads to ineufficient 


technical information on which to base extension service recomendations. 


2-453 


e-acale Economic C lysts 


Large-scale commercial operations frequently have been referred to as 
potential economic catalysts for development since they can stimulate the 
development of a local infrastructure. Gradually smaller, less aechanizec 
agricultural systems will orient their production toward a market. This 
gonm of stimulus, however, is only Likely £o meet with success ig a prop- 
erly differentiated approach is adapted. Without positive effort to im- 
prove indigenous agriculture near a large-scale commercial operation, the 
local. and the commercial economy can co-exist indefinitely, each having Little 
ampact on the other. 


Farm Structure 


Paru structure remains as a significant factor in potential developaent. 
The farms of hand-labor economies frequently are too small and too fragwented 
to facilitate the economical employment of tools at another level of nechani- 
zation. Inflexbility of farm structure ard Land-tenure arrangements can im- 
pose serious constraints. 


Local-based Adaptive Research and Demonstration 


In areas of predominantly hand-labor and animal-povered econoaiee, any 
innovation ín the use of toole, equipment and cultivation practices should be 
based on local adaptive research. Courses in training institutions, schools 
and farm demonstrations should be presented in teams of reference familiar 
and relevant to the Local situation. Despite the general applicability 
of such agricultural research in both agronomy and mechanization, local 
adaptive research should be very òpecific in attempting to solve local aghi- 
cultural problems. 


Lack of Monetization 


A major Limiting factor of technological development in hand-Labor eco- 
nomes is lack of monetization. Money is the medium by which any econony 
develops into an integrated market gystem. A hand-labor economy cannot dis- 
pose of surplus production if the concept and use of money has not been incor- 
porated into the economic thinking of the people. 

Adequate effective demand is vital to development in Equatorial Africa. 
Without an adequate market it ín impossible to effect a program of mechaniza- 
tion with any reasonable expectation of success. Effective demand requires 
effective articulation of the economy between producers and consumers and a 
functional medium of exchange. Technological development in agriculture can 
proceed only as the economic base of the country is expanded to draw more of 


the entire nation into the monetized economy. 
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Associated Social Factors 





Local prejudíces, preferences and attitudes are frequently found to in- 
hibit certain kinds of technological development. Associated social factors 
should be recognized, understood in the social context of the area, and in- 
co^po^uted into development programs as relevant variables along with the 
complex of technological and economic factors. A program of technological 
improvement has core likelihood of success when recognition of social attitudes 
is built into the plan: those at:itudes being acknowledged as a reality in 
the lives of the people involved. 

Conclusion: Role of Mechanization in Agricultural 
Developsent of Equatorial Africa 

Introducing improved technology and mechanization into present farming 
systens involves a complex of interrelated factors which separately or together 
can favor or limit the process. It is a task of major importance to determine 
which are the relevant factore in each specific case. Not all factors in- 
cluded in this discussion are relevant to every case and levels of importance 
will vary. 

The broad spectrum of factors indicates the extent of necessary expen- 
diture which can be required for a completely integrated development progran. 
Underwriting the cost of such a program becomes a heavy burden on sponsoring 
authorities and favors fairly concentrated well-integrated programs with a 
complete "package-deal" approach over a relatively long period of time, in 
contrast to relatively short-term highly specialized prograns. 

In most African situations there fe no advantage, at present, in using a 
mechanized technology to substitute for abundant labor. When labor bottle- 
necks appear at periodes in the crop calendar, mechanization can overcome tem- 
porary labor shortages. Where marginal costs of increasing land productivity 
are less than marginal coste of clearing new land, for a given output, nech- 
anization can be used as a substitute for land. 

Added power, hovever, increases productivity only in coabination with 
other inputs. Mechanized technology makes economies of scale more readily 
attainable, thereby reducing unit costs of production; it can improve quality 
and timelinese of cultivation practices and lead to yield improvements. Other 
inputs also are directly responsible for improving production. Mechanization, 
especially at the level of engine-povered technology, can be achieved only in 
the context of a commercial agriculture in which farcers' managenent skills 


are vell-developed.*! Through the aanagement function the role of mechanization 





2l Boshoff recoemends that no atteopt should be made to introduce a form of 
mechanized (tractorized) technology unless farmers are inclined toward a form 
of business farming and have developed adequate levels of management ability. 
W.H. Boshoff, "Farming Systecs in Africa: Mechanization of Agriculture", 
Agricultural Research Priorities for Economic Development in Africa, Vol. III 
(Washington, D.C.: National Academy of Sciences, 1969). 
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is related to other factors in the production function. 

Operation of the factore which favor and limit mechanization in the con- 
text of the agricultural system must be understood. Adequate technical infor- 
mation is vital to operetion of different types of equipment at different levele 
of mechanization. As one factor in combination with others, mechanization has 
a particular place in the order of priorities for developing different systems 
of agriculture. The priority for mechanization frequertly is not of the first 
onder. 

In the development of Equatorial African agriculture the role of mechani- 
zation should be carefully assessed. There 18 need for a functional research 
facility able to achieve the following objectives: 

1. To disseninate relevant technical information on types of agricvltural 
mechanization; thie will assist local, regional and national planners to under- 
stand the technical problems involved in operating agricultural equipment and 
the role which mechanization plays in a given eituation. 

2. To determine an order of priorities for research relative to a given 
program of development, and thus the order of importance that research into 
mechanization probleme should have. 

J. To assíst research conducted by national research institutions to gen- 
erate relevant scientific data which is necessary for improvement of national 
farming systecs with mechanical assistance. 

4. To coordinate research work so that relevant data are made available 
to different regions with similar environmental conditions. 

5. To conduct research in mechanical handling, storage, processing and 
transportation of specific marketable agricultural produce. 

The Recommendations and Guidelince in Part One are intended to suggest 
how these objectives can be achieved. The role of mechanization has been con- 
strued in teras of technological research at both the regional and national 
level. Regional cooperation in research may be benefícial in countries faced 
with similar agricultural problems and having similar ecological environments. 
Much agricultural research, however, is very specific only to limited geograph- 
ical areas. Therefore, although regional cooperation and the regional dissemi- 
nation of research findinge can be mutually beneficial, such proposals must be 


based on the sound operation and cooperation of national research facilities. 
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APPENDIX I 


COMMON AND SCIENTIFLC NAMES OF PLANTS 


Common Nane 


Bambara nuts (beans) 

Bamboo 

family of Gramineae and core 
than 14 genera. At least 2 
genera have been reported in 
Africa 

Banana 

Barley 

Bean, broad 

Bean, haricot 

Breadfruit 

Broad bean 

Cacao (Cocoa) 

Cashew nut 

Cassava 

Castor 

Chick-pea 

Chillies (peppers) 

Citrus 


Cocc nut 


Cocoyan (taro) 
(arun) (dasheen) 


Coffee 
Congo jute 
Com (maize) 


Cotton 


Cowpea 


Custard-apple 


Scientific Name 


Voandzeia subterranea 


Arundinaria epecics and 
Dendrocalamus species 

Musa sinensis 

Hoxdeum species 

Vicia faba 

Phaseolus vulgaris 

Artocarpus communis 
Vicia faba 

Theobroma cacao 
Anacardium occidentale 

Manihot utilissima 
Ricinus Communca 

Cicer arietinum 
Capsicum annuum 

Citrus species 

Cocos nuci gera 


X anthosoma sagittifolia and 
Colocasia esculenta 


Coffea arabica and C nobus ta 
Urena lobata 
lea mays 


Gossypium arboreum 

G. herbaceum, G. hirsutum, 
and G. barbadense 

Vigna sinensus 


Annona reticulata 
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Common Name 


Elephantgrass (napiergrass) 
Ensat (ensete, plantain) 
Ensete (ensat, plantain) 
Fig 

Flax (linseed) 

Ginger 

Groundnut (peanut) 

Guava 

Guineacorn 

Horse bean 


Hyparrhenia 


Jackfruit 


Jujube 
Jute 


Jute, Congo 


Kapok 


Kenaf (rama) (mesta) 
Kikuyugrass 


Kola nut (cola nut) 


Kudzu, tropical 
Lentil 

deeg (flax) 
Maize (corn) 
Mango 

Melon 

Millet, African 


Millet, pearl (coos) 


Scientific Name 


Pennisetum purpureum 
Ensete edule 

Ensete edute 

Ficus species 

Linum usitatissimum 
Zingiber officinale 
Arachis hypogea 
Paidium species 
Sorghum guineense 
Vicia gaba 


Hyparrhenia dissoluta or 
H, ruga 


Artocarpus integri golia 


Zizyphus jujuba or 2. vulgaris, 
or Z. Mauri tiana 


Corchorus capsularts and 
C. olitouuws 


Urena lobata 


Ceiba, pentandra and 
Bombax species 


Hibiscus cannabinus 
Pennisetum clandestinum 


Cola acuminata, C. verticiltata, 
and C. nitida 


Pueraria phaseoloides 
Lens esculenta 

Linum usitatissimum 
Zea mays 

Margi gera indica 
Citrullus vulgaris 
Eleusine coracana 


Pennisetum glaucum (formerly known as 
Pennisetum typhoidem and P. spicatum) 


2-458 


Common Name 


Molassesgrass 
Niger (nug) 
Nug (niger) 
Okra (Okro) 

0!1 palm 
Pangolagrass 
Papaya (pawpaw) 
Paragrass 
Pawpaw (papaya) 
Pea 

Peanut (groundnut) 


Pearl millet (coos` 


Pepper, red (chillie.) 
Pineapple 
Potato 


Pyrethrum 


Red pepper 
Rhodesgrass 

Rice 

Rubber 
Sunflower 
Speargrass 
Safflower 
Sesame (benniseed) 
Shea butter tree 
Sisal 

Sorghum, grain 


Soybean (soya bean) 


Scientific Name 


Melinis minuti {tora 


. Guizotia abyssinica 


Guizotia abyssinica 
Hibiscus esculentus 
Elaesis guineensis 
Digitaria decumbens 
Carica papaya 
Panicum purpurascens 
Carica papeya 

Pisum sativum 
Arachis hypogen 


Pennisetum glaucum or 
P. typhoideum 


Capsicun annuum 
Ananas ativa aud A. comosus 
Solanum tuberosum 


Pyrethrum or 
Chrysanthemum cinerariae golivm 


Capsicum annuum and C. gutes cens 
Chloris gayana 

Oryza sativa 

Hevea braziliensis 

Helianthus annuus 

Imperata cylindrica 

Corthamus tinctorius 

Sesamum indicum 


Butyrospermum parkii 


Agave. sisalana 


Sorghum vulgare 


Glycine soja 
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Seman Man 
Bagereons 
Ban f Lewer 
Sweet potato 
Taneriad 


Tero (cocoyan) (eren) (dashesn) 


1. Gabley, Leslie $. 


An Introduction to the 


Secchaum oétisinaun 
Neliantus gegen 
Ipomoea batatas 
Tananindhè indica 


the Botany of Trepicet Cacps. 


Landen: Leagnene, Groen and Co., Ltd., 1963, 357 pp. 


4. Be Geen, J.G. Fertilizer Guide 
Zusich: Contre d'Etude do N'Annto, 


3. Weffaegel, B.P. 


Tavpicak and Subturpical Farming. 
1987, 727 pp. 


Rene: feed and Agriculture 


Agticaltuas in Ethiopia. 
Orgenísetien of the Gaited Nations, 1961, 494 PP- 


4. Kennard, Villian C., and Vintero, Herold P. Sene Fauite and Nats in 
the Tespies. NMisca]lansous Publication No. 001. United sten Bopartmant 


of Agriculture, 1960, 135 po. 


$3. Messy, Berolé, Boy, e and Wolfe, 8.8. Miscellaneous Taspical and 
Ftosida Fanit. Agricul 


t96 A, 1967. 116 pp. 


turel Extension Service, Bulletia 


6. pon resi Jose; Cavo-Oastas, Ruben; Pearson, Asbert V. 3 


e Poruande; Pigavnils, woods end Silve, Servendo. The Intensáve 
tr feiert Foanges Ze 


Paste Rico. Agricultural Enperimant 


Station, Ballotia 187, 1964, 152 pp. 


A. Weise of Menn 


l. Aree 


| hectere (ha.) » 2.67 atres 


2. Usight 


l kilegran (bg.) e 2.20 pouse 
1 astcic quiatal (q.) © bes bi legrene 


eowsds 
| eric ton e 0.98 loug teas e 2260 pounds 
1.10 sheet tono = 2000 pounts 
21090 bi legrane 
3. Yield 
100 kilograme per hectare (hg. /ha.) © 1.49 bosbe!s 
(60 pounds) pat acre 
4. Liquid Measure 


1 liter (1.) © 0.26 U.S. gollens 


$. Leng:h 
l meter (e) e 1.09 yerds 


l kilemoter (hm. A > 2.06 ailes 
1 centimater (cm.) = 2.54 inches 


6. Preseute 


1 hilogren par square ceatinaster (ug./en.?) e 16.22 
pounde per equsre iach 


8. Unite of Creransy Vend tn Dia Ropers 


l. Ethiopia 
891.09 © V.S. 90.403 9,8.91.00 e £62.46 


2. Gaubis 


Gir 1. Ga. Ol. (Combien pounds, chillings, pance) © U.8.02.00 
30 ehilliags © 1 pound 
12 gente ei obfiling 
UV.8.91.09 © W 0.0417 
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3. ene 
d (aw codis) 1.00 © HARZ — U.5.01.00 © mj 1.025 


4. Ivecy Const ané Sensgel 
1 franc CRA (Commmooté Pinanctdve Africaine) e U.$.00.000002. 
U.8.01.00 = 245 france CPA 


A, ege, Tansanis, gande 
1.0 okilliag © U.$.$9.21403 U.$.91.00 e 7.1? ebilliage 
20 shillings © 1 pound 
6. Nigeria 


Mb 1. Os. Od. (Nigerian pound, billig, pence) © U.$.8$2.89 
(sans cusreacy eyeten as Ganbia) 


9.$.91.00 e I 0.337 
(Le 9 0. le. 7.44.) 


$953 


Asien Predectivity Organssetion (Jagen) 


Agriculturol Devolognant laterastional (Taranié peivete 
coeperet ive* 


Trade cane fee a Seitich-asde aulti-pgecpese animai-éraun teolber 
Amarican Seclety of Agriceltese! Begiasere (Uníitod Stetes) 
Awesh Volley Authority (Ethiopia) 

Beek Developanet Projects Agriculture! (Tencanta) 

British Reet and Vant Africe Conpesy (Migario) 


British Society for Reeserch ia Agricelterel Kagiaseriag 
(United Kiagéen) 


Chilalo ag -.cuitucol Bervolopeset Unit (Suedich deeg lopanat 
progran ie Ethiopie) 


Certificat 6° Aptitude Profesotonoie 
Central African Republic 


Ceetre d' Etudes et d' Enpesiasetation du Machinians Agricole 
Tropical (Freace) 


Ceatce!l Treaty Organisation (lran, Pokistan and Terhsy) 


Cenmunanté Fiaencidre A(zicains (aanstary groten of 1vory 
Ceset ead Seungei) 


Consolidated Preach Africo Organisation (Ivory Gaset) 


Ceetre Jateraetisse] de Focunsetation de Nechiaians Agricole 
(Franco) 


Commiesion laterastisasl Ae CÉaio Burolo (Franse) 


Coetre Botioas! d' Etudes ot 6° Ezxperiasetetion de Machiatiano 
Agricole (Franco) 


Castetiaa Service Counittos (Ghana) 

Council for Scientific eed tIasustricl Beeserch (Ghana) 

Censortiun fer the Study of Bigerien Revel Sevelegucat 

Beet Africo AgricsIteral ead Pereotry Reesecch Grgenisetian 
(Kanye) 


Bast Africon Community (aye, Tonsesto anti Gende) 
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1 


Best Afries Cammen Sorvicse Grganisetion (Kanye, Rasanis and 
Uganda) 


Geet African Ratural Ragonrens Beseasch Council (Eth! <pia) 
Beet African Troctor ané Inplousat Testing Unit (Lenye) 
Bast Africa Testing Unit (foruss]) under EACEO) 

Seonenic Canntooten for Africa (Ethiopia) 

feed ané Agricultuce) Organisotion, United Notions (Rens) 
A Vaited States fare machinery manniseturer 

Ghana Acadeny of $cio:.co 

Goverumsat of Nigeria 

Inatitate of Agricuitural Resserch (Ethiepia) 

lastítute for Agriculteral l'oecer-h (Bigeria) 


laternetional Bank for Rocenatruction and Dovelogmsat (United 
States) 


laternationa1 Canniseton of Agriculture! Sagiasers (ese CIGR) 
(Peeace) 


Iséustrial “evelogasat Cotter (Nigeria) 
laperiel Ethiopian Govo:nanant 
Iatornational lastitete fer Trepical Agriculture (Nigeria) 


jJeetítut de Recherches Agronomique Tresicase et dse Cultures 
Vivricres (Gemeen A 


lateraetioenal Rice Bessarch Institute (Philigpiace) 

Kanye Agricultural Machinery Vait 

Kanye Trectes Hise Service 

Miatatry ef Agricoltore 

Motarisod Agricalture Grganisaticn (Ivory Ceant) 

Natione! Bovoelagmant Council fer Africa 

National lastitute of Agricultural Engiaseriag (United Kíagéen) 
Mgerian lasticute foe Sosisli and Esenenic Rooesreh 
OrgsniantSen foc African Unity (Ecthicpio) 

South Afrise Foon laplannnt Menefacteress 


Sesiéed ladustrielle Séabgnisise do Coematructions MÉcaniquon 
et do ibeerielo Agricsics 


Seenferd Roscesech Lotitute (United #tataa) 


$488 





Tanacate Agriculture] Machinery Testing Unit 
Trestor Rise Unit (Gane) 

Tropical Peeticides Rasoarah Inotitute (Tansania) 

United Africo Conpeny (Ghana) 

United Seticns Bovelcguest Progres, Special Pendo Project 
Uaited States Agency for lateraatione! Bove leguant 

Waited States Agency of latornctions! Bevelopaset (Ethicpta) 
Veleateere laisgmatíene] Techical Assistance (Vaited States) 
West African Rice Bevelepusat Association (prepesed) 

Vorid Indicative Plan (FA0/UB few) 
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